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SUMMARY
SECTION I  : SYNTHESIS OF SOME N EURO PH ARM AC0  LOGICALLY 
ACTIVE AMINO SULPHINIC ACIDS, PHOSPHORIC 
ACID DIESTERS,  AND QUATERNARY AMMONIUM COMPOUNDS.
S u b s t a n c e s  b e l o n g i n g  t o  t h r e e  d i f f e r e n t  s t r u c t u r a l  
g r o u p s  h a v e  b e e n  s y n t h e s i z e d  a n d  t e s t e d  f o r  n e u r o p h a r -  
m a c o l o g i c a l  a c t i v i t y .  T h e  t h r e e  g r o u p s  i n v e s t i g a t e d  w e r e  
a m in o  s u l p h i n i c  a c i d s  o f  g e n e r a l  f o r m u l a
H 0 2S . ( C H 2 ) n . C H . C 0 2H
NH.R  ^ 1 ^
T /here  n  = 1 o r  2 a n d  R =  H o r  CH^;
p h o s p h o r i c  a c i d  d i e s t e r s  o f  g e n e r a l  f o r m u l a
0
C H - . O . P . O  , K '  ( IX )
«  I
OH
+
w h e r e  3 '  =  - C H 2 .C H „ .N H „,  - C H ^ . C H g . N tC H g )  3 , o r  
-  -CH _.C H .t JH _
£ t
CO^I
a n d  q u a t e r n a r y  ammonium c o m p o u n d s  o f  g e n e r a l  f o r m u l a
R . C . O . ( C H 2) n .N (C H „)
X-
' 3 '  3 R . 0 . C . ( C K 2 ) n .N (C H o )3 ' 3
( H I  ) (  I V  )
(ü)
The amino sulphinic acids were of interest in view 
of the strong excitatory action on neurones within the 
mammalian central nervous system of confounds related to 
glutamic and aspartic acids. Four compounds belonging to 
this group were synthesized : DL-cysteine sulphinic acid 
( I, n a 1, R sl H ), W-methyl-DL and L-cysteine sulphinic 
acid ( I, n = 1, R =. CH0 ), and N-methyl-DL-homocysteine 
sulphinic acid ( I, n =. 2, R r= CH0 ). They were made 
from the corresponding cystine derivatives by oxidation 
with perbenzoic acid and alkaline treatment of the 
resulting disulphoxides. DL-Cysteine sulphinic acid and 
N—methyl-DL-cysteine sulphinic acid were subsequently 
shown to be moderately strong excitants of central 
neurones, with N-methyl-DL-homocysteine sulphinic acid 
somewhat weaker, and N-methyl-L-cysteine sulphinic acid 
only a very weak neuronal excitant.
The phosphoric acid diesters were synthesized in 
view of a theory that the neuropharma^ological actions 
of acetyl choline ( Cii^.CO.O.CH^.CK^MChg) 3 )> 
"tf-aminobutyric acid ( HO9C.Ctir,.CH0.CH0.NH9 ) and 
glutamic acid ( H0oC.CHo.CHo.CH.NHo ) are due to the
00 s?
resemblance of their charge distributions to those of 
the terminal moieties of the phospholipids, lecithin, 
phosphatidyl ethanol amine and phosphatidyl serine, 
respectively, which could be involved in the structure 
of nerve cell membranes. Three compounds were+prepared : 
O-methylphosphorylcholine ( II, R* = -CH 9.CH9.N(CIIg) g )
( i ü )
O - m e i h y l p h o s p h o r y l e t h a n o l  amine ( I I ,  E* -  -CH0 ,CH0.NH0 ) ,  
G - m e t h y l p h o s p h o r y l s e r i n e  ( I I ,  R* -  -CH0 .CH.NH^ ) ,  a l l  by
co^
d i r e c t  m e t h y l a t i o n  w i t h  d ia z o m e th a n e  o f  t h e  c o r r e s p o n d i n g  
p h o s p h o m o n o e s t e r s  o f  c h o l i n e ,  e t h a n o l a m i n e  and s e r i n e  
( t h e  l a t t e r  two p h o s p h o m o n o e s t e r s  i n  t h e  form o f  t h e i r  
t e tram eth y lam m on iu m  s a l t s  ) •  Of t h e s e  t h r e e  compounds,  
o n l y  O - m e t h y l p h o s p h o r y l s e r i n e  h a d  any marked pharmaco­
l o g i c a l  a c t i o n ,  t h i s  s u b s t a n c e  b e i n g  a m o d e r a t e l y  s t r o n g  
e x c i t a n t  s i m i l a r  i n  s t r e n g t h  t o  g l u t a m i c  a c i d .
A c e t y l  c h o l i n e  ( I I I ,  n -  2, R = CH,. ) i s  c o n s i d e r e d  
t o  b e  t h e  e x c i t a t o r y  t r a n s m i t t e r  n o r m a l l y  a c t i v a t i n g  
Renshaw c e l l s  i n  t h e  mammalian c e n t r a l  n e r v o u s  s y s te m *  I t  
was o f  i n t e r e s t  t o  d e t e r m i n e  t h e  e f f e c t s  o f  r e l a t e d  
q u a t e r n a r y  ammonium compounds on Renshaw c e l l s  and compare  
t h e  r e s u l t s  w i t h  t h o s e  o b t a i n e d  a t  o t h e r  c h o l i n o c e p t i v e  
j u n c t i o n s .  C a p r o y l ,  l a u r o y l  and p a l m i t o y l  e s t e r s  o f  
c h o l i n e  ( I I I ,  n -  2, R = - ( C H ^ . C H g  ; I I I ,  n = 2,
R = - (C H 2) 1 0 .CH3 ; I I I ,  n -  2,  R =■ - (C H ?) 1 4 .CH3 , 
r e s p e c t i v e l y  ) ,  a c e t y l  h o m o c h o l i n e  ( I I I ,  n -  3 ,  R 
A - c a r b o m e t h o x y e th y l t r im e th y la m m o n iu m  ( 1 7 ,  n -  2, R = 
c a r  bo e t h o x y  e t h y l  t r i m  e t h y l  ammonium ( 1 7 ,  n -  2, R 
and ^ -c a r b o m e th o x y p r o p y l t r im e th y la m m o n iu m  ( 1 7 ,  n -  3,
R = CHg ) were  p r e p a r e d  as  v a r i a n t s  o f  t h e  b a s i c  a c e t y l  
c h o l i n e  s t r u c t u r e .  A l l  t h e  compounds e x c e p t  ^ - c a r b o -  
m e t h o x y t r i m e t h y l  ammonium and iL carb o  e t h o x y e t h y l t r i m e t h y l -  
ammonium wore o b t a i n e d  i n  t h e  form o f  t h e i r  b r o m id e s  
by  t r e a t m e n t  o f  t h e  c o r r e s p o n d i n g  b r o m o - e s t e r s  w i t h  dry  
t r i m e t h y l a m i n e . The o t h e r  s u b s t a n c e s  were  p r e p a r e d  as  
t h e i r  c h l o r i d e s  i n  an a n a l o g o u s  way.
CH3
CH3 > ’ 
CH, .CH3
(iv)
The pharmacological tests showed that the ’reversed 
esters’ ß-carbomethoxyethyltrimethylammonium chloride 
and Y-carbomethoxypropyltrimethyl ammonium bromide were 
more active on Renshaw cells than acetyl choline ( ACh ). 
Caproyl, lauroyl and palmitoyl choline blocked the 
action of ACh on Renshaw cells. Comparative results 
were also obtained on the guinea pig ileum and toad's 
rectus preparations. ^-Carbomethoxyethyltrimethylammonium 
chloride was more active than ACh on both preparations.
SECTION II : IDENTIFICATION 0? SOME ACID-SOLUBLE
CYTIDINE NUCLEOTIDES IN OX BRAIN.
Two cytidine-containing substances were isolated 
from ox brain by a combination of ion-exchange chroma­
tography and pai>er electrophoresis. It was considered 
worthwhile to establish completely the structure of 
these compounds in view of the general involvement of 
cytidine co-enzymes in lipid biosynthesis and the im­
portance of lipids in cell membrane structure. In 
particular, the possibility that mono- or dimethyl 
derivatives of ethanolamine may be involved in the 
structure of the cytidine derivatives was rigorously 
investigated. No such evidence was found and the two 
compounds were identified by a combination of hydrolytic, 
chromatographic and electrophoretic evidence as 
cytidine diphosphate choline and cytidine diphosphate 
ethanolamine.
SECTION I
SYNTHESIS OP SOME NEUROPHARMACOLOGICALLY ACTIVE 
AMINO SULPHINIC ACIDS, PHOSPHORIC ACID DIESTERS 
AND QUATERNARY AMMONIUM COMPOUNDS.
( A ). c>^--AMINO-ALKANE-q ^C ARBOXXLIC-GJ-SULPHIk ic acids
INTRODUCTION & DISCUSSION.
Investigations on the central nervous system are 
being carried out at the Physiology Department of the 
John Curtin School of Medical Research, the Australian 
National University, and part of the research consists 
of identification and elucidation of the mode of action 
of transmitter substances. These investigations are 
conducted by Dr, D. R. Curtis and co-workers on the 
nervous system of the cat by injecting minute quantities 
of the chemical substances through glass micro-pipettes 
into the environment of single cells and the responses 
of the cells are electronically recorded.
Chemical transmitter substances are of two types, 
classified according to their mode of action; both are 
liberated by the nerve endings at the synaptic and 
neuromuscular junctions. An excitatory transmitter 
substance causes a reduction of the resting potential 
across the post-junctional membrane tending to make that 
cell generate an electrical impulse. In this way nerve 
impulses are relayed from one nerve fibre to another 
across the synaptic junction and from a nerve to a 
muscle fibre at the neuromuscular junction. On the 
other hand, an inhibitory transmitter substance opposes 
this effect by raising the resting potential of the post­
junctional cell, thus decreasing the effectiveness of 
simultaneously released excitatory transmitter substances. 
The balance between these two transmitter effects 
determines the responses of individual units in the 
nervous system.
(2)
Amino sulphinic acids are considered important 
in studies of transmitter effects because of the general 
excitatory action at central synapses by compounds of 
the type
*
X. (CHg^.CH.COgH 
NH.R
( X )
where n - 1 or 2, X s» CO^H, SO^H or SO^H,
R s* H or small alkyl group.
In these compounds, the nature of the N-substituents 
and the configuration at the asymmetric carbon atom ( * ) 
are sometimes of critical importance. N-Methyl-D-aspartic
, R s CHg ) and D-homocysteic acid 
( n - 2, X = SOgH, R s H ) are the two most potent amino 
acid excitants. The present study involves the synthesis 
of different optical forms of compounds in which 
X = SO^H, n-» 1 or 2, and the nitrogen aton carries a 
methyl substituent.
acid ( n = 1, X - COgH
(3)
The compounds prepared in the present work were : 
DL-cysteine sulphinic acid ( IV, n s 1, R = H ), N-methyl- 
DL and L-cysteine sulphinic acid ( IV, n » 1, R = CH^ ), 
and N-methyl-DL-homocysteine sulphinic acid ( IV, n s 2,
R s CHg ). The syntheses were based on the preparation 
of L-cysteine sulphinic acid by Toennies and Lavine.1 
The appropriate cystine derivative ( II ) was first 
prepared and then converted into the disulphoxide ( III ) 
with perbenzoic acid. This disulphoxide disproportionated 
under alkaline conditions into the starting material 
and the desired sulphinic acid ( IV ),
H02C.CH,(CH2)n ,S.S.(CH2)n ,CH.C02H 
R.HN NH.R C6H5C03H
( II )
0 0 n w-> H02C.CH.(CH2)n .S.S.(CH2)n.CH.C02H
B.HN NH.R
( H I  )
( H I  ) * OH" ------- > H02S.(CH2)n .CH.C02H
NH.R
( IV )
t ( II )
(4)
The sulphinic acid was then isolated by ion-exchange 
chromatography on Dowex 1 ( acetate ) with gradient 
elution by acetic acid«
DL-Cysteine sulphinic acid ( IV, n » 1, R - H ) 
was prepared , according to the above scheme, from 
DL-cystine ( II, n - 1 ,  R - H ) • For N-methyl-DL and 
L-cysteine sulphinic acids ( IV, n = 1, R 3 CH^ ), the 
intermediate N-methyl cysteines ( VII, n = 1 ) were first 
prepared from the appropriate forms of cysteine ( V, n s 1 ) 
by reaction with formaldehyde under acidic conditions 
and reduction of the resulting thiazolidine derivative 
( Via ) with sodium in liquid ammonia. For N-methyl-DL- 
homocysteine sulphinic acid ( IV, n » 2, R » CH^ ), the 
intermediate homocysteine derivative ( VII, n - 2 ) was 
prepared in an analogous way from DL-homocysteine ( V, 
n s 2 )• In this case the intermediate product was a 
six membered ring compound, tetrahydro(l,3-thiazine)- 
4-carboxylic acid ( VIb ). The cysteine derivatives 
were oxidized by air to the corresponding cystine deriva­
tives ( II, n Ä 1 or 2, R sa CH~ ) for use as the starting
materials in the syntheses of the sulphinic acids*
S----CH
HS.(CH2)n .CH.C02H
k 2 HCHO / HC1 H2 ^ n/'K -C°2H
( V ) H ( Via )
S' CHI I
H2C s i/ CH‘C02H
H
( vib )
(5)
( Via )
( VIb )
Na / liq. NH,
>  h s .(c h 2)ii.c h .c o 2h
NH.CHg 
( VII )
( VII )
H02C.CH.(CH2)n .S.S.
R.HN
(CH2)n .CH.C02H
NH.R
( II )
Table I shows the descending order of potency, as 
excitants of spinal neurones, of the newly prepared 
amino sulphinic acids ( compounds 11, 15, 16 and 30 ) 
as compared with the excitatory amino acids previouslypinvestigated by Curtis and Watkins, The equally potent 
DL and L-cysteine sulphinic acids ( compounds 11 and 10 
respectively ) were classified in group G, since both 
of these substances were about equal to L-glutamic acid 
( 14 ), the latter being a moderately strong excitant, 
N-Methyl-DL-cysteine sulphinic acid ( 15 ) was some­
what weaker than DL-cysteine sulphinic acid ( 11 ), but 
still of group G strength. Both these acids were very 
much stronger than N-methyl-L-cysteine sulphinic acid 
( 30 ) of group I, a group of very weak excitatory amino 
acids. N-Methyl-DL-horaocysteine sulphinic acid ( 16 ) 
was of similar potency to the lower homologue ( 15 ).
( 6 )
TABLE I . O r d e r  o f  P o t e n c y  o f  E x c i t a t o r y  Amino A c i d s ,
G e n e r a l
p o t e n c y . G r o u p . No.
A. 1 .
V e r y B. 2 .
s t r o n g C. 3 .
t o D. 4 .
s t r o n g . E. 5 .
6 .
F . 7 .
8 .
S t r o n g G. 9 .
t o 1 0 .
medium. 1 1 .
1 2 .
1 3 .
1 4 .
1 5 .
1 6 .
1 7 .
1 8 .
1 9 .
2 0 . 
2 1 .
Medium H. 22 .
t o
■weak. 2 3 .
2 4 .
Compound.
N - M e t h y 1 - D - a s p a r t i c  a c i d .  
D - H o m o c y s t e i c  a c i d .  
N - M e t h y l - D L - a s p a r t i c  a c i d .  
D L - H o m o c y s t e i c  a c i d .  
N - I m i n o m e t h y l - D - a s p a r t i c  a c i d .  
N - E t h y l - D - a s p a r t i c  a c i d .  
N - E t h y l - D L - a s p a r t i c  a c i d .  
D L - H o m o c y s t e in e  s u l p h i n i c  a c i d .
L - C y s t e i c  a c i d .
L - C y s t e i n e  s u l p h i n i c  a c i d .  
D L - C y s t e i n e  s u l p h i n i c  a c i d .  
N - n - P r o p y l - D - a s p a r t i c  a c i d .  
L - H o m o c y s t e i c  a c i d .
L - G l u t a m i c  a c i d .  
N - M e t h y l - D L - c y s t e i n e  s u l p h i n i c  
a c i d .
N - M e t h y l - D L - h o m o c y s t e i n e  
s u l p h i n i c  a c i d .
L - A s p a r t i c  a c i d .  
N - M e t h y l - D L - g l u t a m i c  a c i d .
N - M e t h y l - L - g l u t a m i c  a c i d .
N - M e t h y l - D - g l u t a m i c  a c i d .
N - M e t h y l - L - a s p a r t i c  a c i d .
D L-2-A m ino- 5 - s u l p h o - n -  
v a l e r i c  a c i d .
I
N,N - D i m e t h y l - D L - a s p a r t i c  
a c i d .
D - O l u t a m i c  a c i d .
(7)
TABLE I. ( contd. )
General
potency. Group. No. Compound.
25. D-Aspartic acid.
26. D-Cysteic acid.
27. N-Methyl-DL-cysteic acid.
28. N-Methyl-DL-homocysteic acid.
Weak I, 29. N,N -Dimethyl-D-aspartic acid
to 30. N-Methyl-L-cysteine sulphinic
very weak.
31.
acid.
N-Iminomethyl-L-aspartic acid
32. N-Ethyl-L-aspartic acid.
33. N-Methyl-L-cysteic acid.
34. DL-0<^ * Ami no adipic acid.
Inactive. J. 35. N-n-Propyl-L-aspartic acid.
It can therefore be said that, as with aspartic acid
enantiomers , there was little difference between the optical
forms of cysteine sulphinic acid, N-Methylation of the 
latter compounds seemed to have similar effects to N- 
methylation of the aspartic acid isomers, the L-form being 
greatly decreased in activity, whilst the D-form would 
probably be somewhat more active than the unmethylated 
compound. This probable increase in the case of the D-isomer, 
however, would be much less marked than in the case of 
D-aspartic acid. The effect of N-methylation of DL-homo— 
cysteine sulphinic acid was similar to that of N-methylation 
of DL-homocysteic acid, resulting in a marked reduction in 
the excitatory potency. No information is yet available of 
the separate forms of these sulphinic acids.
(8)
EXPERIMENTAL
Tetrahydro(1,3-thiazine)-4-carboxylic Acid.
24,6 g. of
a mixture of DL and meso-homocystine was dissolved in 
615 ml. of 4 N hydrochloric acid and 49 g. of small 
pieces of tin foil was added. The mixture after standing 
overnight at room temperature was filtered from the 
undissolved tin foil and diluted with an equal volume of 
water. This solution was saturated with hydrogen sulphide 
and treated with 0.5 g. of decolourizing charcoal; the 
precipitate tin sulphide and charcoal were filtered off 
through a bed of Mhy-flow supercell” using a water-pump.
A stream of nitrogen was passed through the clear filtrate 
to remove the excess of hydrogen sulphide before it was 
evaporated in vacuo at 40° to give a colourless residue, 
which was then triturated with 300 ml. of a mixture of 
ether and ethanol ( 5 : 1 ,  v/v ). The crude product 
obtained on filtration was recrystallized from ethanol 
yielding 22.3 g. ( 64 # ) of DL-homocysteine hydrochloride 
monohydrate, m.p. 196°-197°. The product was dissolved 
in 9.45 ml. of 37 $ aqueous formaldehyde, after which 
the mixture was allowed to stand overnight at room tem­
perature. 9.45 ml. of pyridine was then added, and the 
powdery precipitate formed after 10 hrs. at room temperature 
was removed by filtration. To the clear filtrate was 
added an equal volume of ethanol, and the mixture was 
kept at 0° overnight, giving 7.24 g. { 26.6 ^ ) of 
colourless tetrahydro(l,3thiazine)-4-carboxylic acid 
monohydrate, m.p. 215°-216°.
(9)
Anal. Calcd. for C^NOgS.HgO : C, 36.36 ; H, 6.71 ;
N, 8.48 ; S, 19.41.
Found s C, 36.15 ; H, 6.59 ; N, 8.47 ; S, 19.26.
N,N’-Dimethyl-DL and m eso-homocystine.
Seven grams of
tetrahydro(l,3-thiazine)-4-carboxylic acid monohydrate 
was dissolved in 220 ml. of liquid ammonia and 0.77 ml. 
of water added. The solution was then treated with small 
pieces of sodium, with stirring, until a permanent blue 
colour was obtained ( 3.8 g. of sodium required ), 
followed by 6.8 g. of solid ammonium chloride, after 
which the ammonia was allowed to evaporate overnight at 
room temperature. After the removal of the final traces 
of ammonia by standing over concentrated sulphuric acid 
in a vacuum desiccator for two days at room temperature, 
the white residue was dissolved in 100 ml. of water and 
the solution was evaporated to about half its volume at 
40° in vacuo. The mixture was strongly acidified with 6 N 
hydrochloric acid, and then evaporated to dryness at 40° 
in vacuo. The mixture was then extracted with 800 ml. of 
ethanol using 50 ml. for each extraction, and the alcoholic 
extracts were combined and evaporated at 40° in vacuo 
yielding 13.2 g. of white residue, which was taken up 
in 400 ml. of water and made strongly alkaline with 
concentrated ammonia solution ( S. 0. 0.91 ). 10 mg. of 
ferrous sulphate was added to the solution and a stream3of air was passed through until the nitroprusside test 
was negative. The resulting solution was filtered to remove 
a few mg. of brown suspended material, and the filtrate 
was acidified with 25 $ acetic acid to pH 3.0 and then
(10)
treated with 600 ml. of ethanol. The mixture was then 
allowed to stand at room temperature for two hours and 
at 0° overnight. The white flocculent precipitate was 
filtered and recrystallized twice from water yielding 
4.3 g. ( 64 $ ) of white N,N*-dimethyl-DL and meso 
homocystine, m.p. 243°-244°. For analysis, a sample 
was dried at 70° / 0.05 mm. for 27 hr. over phosphorus 
pentoxide.
Anal. Calcd. for ^^o^20^2^4^2 5 5 H, 6.80 ;
N, 9*45 ; S, 21.64.
Found : C, 40.31 ; H, 6.88 ; N, 9.48 ; S, 21.43.
N-Methyl-DL-homocysteine Sulphinic Acid.
Three grams of
N,N*-dimethyl-DL and meso-homocystine added to 50 ml.
of cold ( 0° ) purified acetonitrile* in 200 ml. volumetric 
flask. The exactly equivalent quantity of 70 # perchloric 
acid ( 1.92 g. ) was added with cooling followed by a 
solution of 5.55 g. of acetic anhydride ( sufficient to 
react with 90 # of the water added with the perchloric acid ) 
in 60 ml. of acetonitrile. A solution of 3.32 g. of per- 
benzoic acid^ was added to the reaction mixture which was 
then made up to the 200 ml. mark with acetonitrile. The 
solution was allowed to stand for 1 hr. at room temperature, 
extracted twice with 50 ml-volumes of N hydrochloric acid, 
and the combined aqueous layers was extracted with five
* Dried first over K oC0^ then refluxed over PpO^ and 
fractionated. Q Toennres, G-., and Lavine, J7 F.,
J. Biol. Chem., 100, 463 ( 1933 ) J
(11)
10 ml-volumes of chloroform. The aqueous layer was 
brought to pH 4,0 with 23 ml, of 8 N ammonium hydroxide 
solution, and allowed to stand overnight at 0°, The 
solution was allowed to warm to room temperature and was 
made strongly alkaline with 15 ml, of concentrated ammonia 
solution ( S.G. 0,91 ). After 1 hr, at room temperature, 
the solution was evaporated to dryness at 40° in vacuo 
yielding 19,32 g, of white residue. After the final traces 
of ammonia were drawn off at the water-pump, 120 ml, of 
water was added and the insoluble powdery precipitate ( 370 mg 
m,p, 243°-244° ) was removed by filtration. The clear 
filtrate was passed through a column of 240 ml, of Dowex 
1 ( acetate ), 200-400 mesh, and the column was carefully 
washed with water till the washings were neutral, after 
which it was subjected to gradient elution with 6 N acetic 
acid. This was done by dropping 6 N acetic acid dropwise 
into 250 ml„ of water in a magnetically stirred mixing 
flask which was connected by tubing to the top of the ion- 
exchange chromatographic column. 50 ml, fractions were 
collected, the seventh to the nineteenth fractions giving 
a positive ninhydrin test* These fractions were worked up 
individually yielding 540 mg, of crude N-methyl-DL-homo- 
cysteine sulphinic acid on crystallization from a water- 
alcohol-ether mixture. Three recrystallizations gave 268 mg. 
of colourless needles, m,p, 158°-159°, A sample of the 
final product was dried at 62° / 0.05 mm. for 14 hr. over 
phosphorus pentoxide for analysis.
Anal. Calcd. for : C, 33.14 ; H, 6,12 ;
N, 7.73 ; S, 17.69.
Found i C, 33.14 ; H, 6.24 ; N, 7.69 ; S, 17.77.
(12)
L-Thiazolidine-4-carboxylic Acid,
This substance was
prepared by an adaption of the method used for the 
preparation of tetrahydro(1,3-thiazine)-4-carboxylic 
acid. The starting material, L-cysteine hydrochloride 
monohydrate, was made with slight modification of the 
method used for DL-homocysteine hydrochloride monohydrate. 
In this case, 50.0 g, of L-cystine was dissolved in 1 litre 
of 3 N hydrochloric acid and 35.0 g. of tin added. The 
mixture was gently refluxed for 2 hr., cooled and then 
filtered from the undissolved tin and diluted with two 
volumes of water. This solution was saturated with hydro­
gen sulphide and the precipitated tin sulphide was mixed 
with activated charcoal, the mixture filtered, and the 
filtrate evaporated to dryness in vacuo at 40°. The 
residue was triturated with 150 ml. of a mixture of 
ether and ethanol ( 4 : 1 ,  v/v ) and filtered to yield 
crude L-cysteine hydrochloride monohydrate. Yield : 58.6 g. 
( 80 $ ). From 25.0 g. of this material there was obtained 
18.05 g. ( 95 $ ) of L-thiazolidine-4-carboxylic acid, 
m.p. 195°—196°,
N,N*-Dimethyl-L-cystine.
This compound was made from 18.0 g. 
of L-thiazoJ.idine-4-carboxylic acid in an analogous way 
to N,N'-dimethyl-DL-homocystine as previously described. 
Yield j 5.0 g. ( 21.9 $ ), m.p. 206°-207° ( decomposed ).
N-Methyl-L-cysteine Sulphinic Acid.
This substance was
prepared in the same way as described for N-methyl-DL- 
homocysteine sulphinic acid. 2.0 g. of N,N*-dimethyl-L- 
cystine yielded 2.54 g. of colourless residue after the
(13)
evaporation of the aramoniacal solution* This residue was
taken up in 9*0 ml* of water and passed through a column „iN QczTiC •of 70 ml. of Dowex 1 ( acetate ), and eluted with water^ 
Ninhydrin—reacting material appeared in the eleventh to 
seventeenth fractions* These 50 ml. fractions were worked 
up individually yielding a total 350 mg. of crude N-methyl- 
L-cysteine sulphinic acid on crystallization from a water- 
alcohol-ether mixture. A further crop of 125 mg. was 
obtained from the mother liquors. Three recrystallizations 
yielded 250 mg. of colourless needles, m.p. 145° ( decomposed 
A sample of the final product was dried at 60° / 0.1 mm. 
for 8 hr. over phosphorus pentoxide for analysis.
Anal. Calcd. for C^H^NO^S : C, 28.74 ; H, 5.43 ;
N, 8.38 ; S, 19.18.
Pound 5 C, 28.67 ; H, 5.45 ; N, 8.27 ; S, 19.12.
DL-Thiazolidine-4-carboxylic Acid.
eDL-Cystine hydrochlorideA
monohydrate was made adapting the method used for the 
preparation of L-cysteine hydrochloride monohydrate.
Yield : 72 g.
Ten grams of the product were used to prepare the thia- 
zolidine-4-carboxylic acid by the method described for 
L-thiazolidine-4-carboxylic acid, giving 7.12 g. of crude 
product. This was recrystallizod from aqueous ethanol 
yielding 6.0 g. ( 78 $6 ) of colourless crystals, m.p. 
X88.5°-189°.
(14)
N,N! -Dimethyl-DL-cystine.
This substance was prepared from 
5.9 g. of DL-thiazolidine-4-carboxylic acid in an analogous 
way to the L form previously described. Yield s 3,8 g.
( 63 $ ), m*p. 206° ( decomposed ). The analytical sample 
was dried at 60° / 0,1 mm. for 6 hr. over phosphorus 
pentoxide.
Anal. Calcd. for CqH, rN-0ASt> i C, 35*80 ; H, 6*01 ;
N, 10.44 ; S, 23.90.
Found : C, 36.09 ; H, 6*09 ; N, 10.36 ; S, 23.93. 
N-Methyl-DL-cysteine Sulphinic Acid.
This compound was
made by the same method as that described for N-methyl- 
L-cysteine sulphinic acid. 2.68 g. of N,N*-dimethyl-DL- 
cystine yielded 4*66 g* of colourless residue after 
evaporation of the ammoniacal solution. This was dissolved 
in 12 ml. of water and the solution passed through a 
column of 120 ml. of Dowex 1 ( acetate ), 200-400 mesh, 
with elution by 6 N acetic acid in the usual way* 
Ninhydrin-reacting material appeared in the thirteenth 
to twenty-fourth fractions. The 50 ml. fractions were 
worked up individually, yielding 615 mg. of crude N-methyl- 
DL-cysteine sulphinic acid from a water-alcohol-ether 
mixture. 405 mg. of colourless needles, m.p. 146°f was 
obtained after three recrystallizations. The analyticalmafl/iersample was dried in an analogous^to the L form.
Anal. Calcd. for C4HgN04S : C, 28.74 ; H, 5.43 ;
N, 8*38 ; S, 19.18.
Found i C, 28.60 ; H, 5.19 ; N, 8.31 ; S, 19*01.
(15)
Note : In contrast to the preparation of N-methyl-
L-cysteine sulphinic acid, a white precipitate was 
formed when the aqueous layer was brought to pH 4*0 with 
8 N ammonium hydroxide and allowed to stand overnight at 
0°, This material was filtered, washed three times with 
5 ml-volumes of water, yielding 430 mg. of colourless 
crystals, m.p. 203°-204°. A few mg. of the by-product 
was chromatographed using N,N*-dimethyl-DL-cystine as a 
marker in 70 $ aqueous isopropanol ( v/v ) for 20 hr. 
and found to have the same R^ as the marker.
DL-Cysteine Sulphinic Acid.
Four grams of DL-cystine
hydrochloride was dissolved in about 10 ml. of water.
To this solution was added 2*5 ml. of pyridine and the 
solution kept overnight at 0°. The precipitated DL-cystine 
was filtered and washed with 5 ml. of water. The crude 
product was recrystallized from water yielding 3.0 g. of 
colourless crystals, m.p* 231°-231.5°.
DL-Cystine was converted into DL-cysteine sulphinic 
acid by the method previously described for the two forms 
of N-methyl-cysteine sulphinic acid. 2.4 g. of DL-cystine 
gave 8*6 g. of residue after evaporation of the ammonia- 
cal solution. This was taken up in 100 ml. of water and 
the solution passed through a column of 200 ml. of Dowex 
1 ( acetate ), 200-400 mesh. The column was washed with 
water till the washings were neutral and then subjected 
to gradient elution with 6 N acetic acid. The fourteenth 
to twenty-sixth fractions gave a positive ninhydrin test. 
These fractions were worked up individually yielding 
435 mg* of crude DL-cysteine sulphinic acid on crystal­
lization from water-alcohol-ether mixture. Three
(16)
recrystallizations gave 215 mg* of colourless needles, 
m.p* 159° ( decomposed ). The final product was dried 
at 61° / 0*05 mm* over phosphorus pentoxide for hr. 
for analysis.
Anal. Calcd. for C^H^NO^S.-g-H^O s C, 22*22 ; H, 4*97 ;
N, 8*64 ; S, 19.77.
Pound : C, 22.58 ; H, 4.90 ; N, 8.72 ; S, 19.90.
To support the conclusion that DL-cysteine sulphinic 
acid crystallized out as the hemi-hydrate, a solution of 
11 mg. of the acid in 2.0 ml. of water was titrated against 
1.064 N sodium hydroxide solution using methyl orange 
as indicator.
Calcd. for C^H^NO^S.-jH^Ot Equivalent Weight : 162.2.
Pound : Equivalent Weight s 161.4.
Paper chromatography using L-cysteine sulphinic acid and 
DL-cysteic acid as markers was carried out for 20 hr. in 
a solvent system made by mixing equal parts by volume of 
a mixture of pyridine-acetic acid-water ( 30 : 80 : 110, 
v/v; pH 4.0 ) and n-butanol. The DL-cysteine sulphinic 
acid had the same as the marker, L-cysteine sulphinic 
acid, which was well separated from the slower running 
DL-cysteic acid, with no other ninhydrin positive material 
present. A further sample of the DL-cysteine sulphinic 
acid was dried at 61° /0.05 mm. for 20-^  hr. over phosphorus 
pentoxide for analysis.
(17)
Anal. Calcd* for C^H^NO^.iH^O : C, 22.22 ; H* 4*97 ;
N, 8.64 ; S* 19*77.
Pound : C* 22.42 ; H, 4*90 ; N, 8*95 ; S, 20.39.
The analysis showed a higher value for nitrogen and 
sulphur indicating a slight loss of water. Higher drying 
temperature caused extensive decomposition. A sample 
Oif the acid that was heated at 90° over phosphorus 
pentoxide for 4 hr* at 0.05 mm* pressure showed the 
presence of other ninhydrin positive materials *hen 
chromatographed in the same solvent system as above.
(IS)
( B ). PHOSPHORIC ACID DIESTERS.
INTRODUCTION & DISCUSSION.
5It has been suggested by Watkins that the actions 
of acetyl choline, ^  amino butyric acid ( GABA ) and 
glutamic acid on nervous activity may be due to dis­
sociation of membrane complexes between phospholipids 
and proteins* The charge distributions of the molecules 
of acetyl choline, GABA and glutamic acid are very similar 
to those of the terminal moieties of lecithin, phosphatidyl- 
ethanol amine and phosphatidylserine as shown below, and 
it was considered that substances having an even closer 
structural similarity to these terminal moieties would 
be of neuropharraacological interest*
0
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0 CH2.0.P.0.CH2.CH2.N(CH3)3
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0
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Consequently, the O-methyl esters of O-phosphorylcholine, 
O-phosphorylethanolamine and O-phosphorylserine were 
synthesized. Direct methylation of the O-phosphoryl- 
deriwatiwes of choline, ethanol amine and serine was 
effected with diazomethane. In the case of DL-O-methyl- 
phosphorylserine and O-methylphosphorylethanoIamine, the 
tetramethylammonium salts of the phosphomonoesters were 
first prepared by treating DL-O-phosphorylserine and 
O-phosphorylethanolamine with tetramethylammonium hydro­
xide. These salts were soluble in methanol, thereby 
making possible the addition of diazomethane in ether 
without solubility problems. In the case of O-methyl- 
phosphorylcholine, a commercial calcium salt of O-phos- 
phorylcholine was first freed of calcium ion by precipitation 
of calcium oxalate, and the free O-phosphorylcholine 
was treated in methanol solution with etheral diazomethane. 
The phosphoric acid diesters were isolated by ion-exchange 
chromatography using Dowex 50 W ( H+ ) in all cases.
O-Methylphosphorylserine was found to be a moderate­
ly strong excitant of interneurones, being of group G-H 
potency ( Table I ). O-Methylphosphorylethanolamine and
(20)
and O-methylphosphorylcholine seemed to have w  weak 
depressant action on amino acid-evoked excitation of 
interneurones, but were very much weaker than GABA.
None of the three substances seemed to affect synaptically 
or ACh-induced firing of Renshaw cells.
EXPERIMENTAL
(21)
Q-(Methylphosphoryl)-choline.
24 ml. of an aqueous solution
of 3.0 g. of a hydrated calcium salt of O-phosphorylcholine 
chloride ( gNO^P.Cl.Ca^S-^H^O ) was treated with 8 ml.
of a solution containing an equivalent amount ( 1.18 g. )
»SHgO ) at room temperature. 
The resulting suspension was centrifuged at 2,000 r.p.m. 
for 1 hr. and the clear supernatant was decanted and 
evaporated to dryness at 40° in vacuo giving a gummy 
residue. This was dried over phosphorus pentoxide for 2 hr. 
at 0.1 mm. pressure, dissolved in 130 ml. of magnesium 
dried methanol at room temperature, and the resulting 
solution was cooled in an ice-bath. A cold ( 0° ) solution 
of diazomethane ( generated from 9.6 g. of nitrosomethyl- 
urea ) in 80 ml. of ether was added and the yellowish 
reaction mixture was kept overnight at 0° in a lightly 
stoppered flask. On evaporation to dryness in vacuo at 
40°, a colourless gum was obtained, which was dried at 
0*1 mm* pressure for 3-J- hr. over phosphorus pentoxide at 
room temperature.. The crude product ( 1.97 g. ) was 
dissolved in 60 ml* of water, centrifuged at 2,000 r*p.m* 
for 30 min. to remove a few mg. of suspended material 
( presumably residual calcium oxalate ). The clear 
supernatant solution was then evaporated to dryness at 
40° in vacuo, the residual colourless gum taken up in 
30 ml* of water, the solution passed through a column of 
120 ml* of Dowex 50 W ( K + ), 200-400 mesh, and the 
column eluted with water. 10 ml. fractions were collected, 
the twenty-sixth to forty-fifth fractions giving a 
positive test with Hanes-Isherwood ^ indicating the 
presence of phosphate-containing substance!s)• These
of hydrated oxalic acid ( Cp^2^4
122)
fractions were subjected to paper electrophoresis in 
tris-( hydroxymethyl )-aminomethane— hydrochloric acid 
buffer^ ( 0*05 M )r pH 7.2, for 1 hr. at 20 V / cm. 
using 0-phosphorylcholine as marker. The electrophoresis 
paper was sprayed with Hanes-Isherwood reagent. Only 
one phosphorus-containing spot was detected^ suggesting 
tüat fractions 26-45 each contained only a single 
phosphorus-containing substance, this substance having 
zero charge at pH 7*2* These fractions were combined, 
evaporated to dryness at 40° in vacuo, and the colourless 
gum obtained was dried at 0*2 mm. pressure over phosphorus 
pentoxide. On standing at 0°, the gum crystallized into 
a solid mass of 0-(methylphosphoryl)-choline monohydrate. 
Yield s 1*76 g. ( 87 £ ).
For analysis, a sample was dried at room temperature 
over phosphorus pentoxide in a desiccator for 3 days, 
after which it had a melting point of 112°-114°*
Anal. Calcd. for CgH^gNO^.H^O : C, 33.49 ; H, 8*43 ;
N, 6.51 ; P, 14.40.
Found x C, 33*55 ; H, 8.35 ; N, 6.41 $ P, 14*27.
Another sample was dried at 56° / 0.1 mm* for 20 hr. 
over phosphorus pentoxide, m.p. 192°-193°r was also 
sent for analysis* Weighing of the sample for analysis 
was carried out under ordinary atmosphoric condition 
and resulted in an obvious uptake of water from the air 
which led to analytical figures for the monohydrate.
Anal C alcd*  f o r  CgH16N04P .H o0 : C, 33 .49  ; H, 8*43 ;
N, 6 .5 1 .
Pound : C, 33*56 ; H, 8*36 ; N, 6 .6 7 .
The p u re  p ro d u c t  c o u ld  b e  r e c r y s t a l l i z e d  from  e th a n o l -  
e th e r  s o lv e n t  m ix tu re .  200 mg. o f th e  O -(m e th y lp h o s p h o ry l) -  
c h o l in e  m onohydrate  y ie ld e d  170 mg* o f  h y g ro sc o p ic  f i n e  
■white c r y s t a l s ,  m*p* 110°-111°*  D ry ing  th e  p ro d u c t  a t  
56° /  0*1 mm* f o r  20 h r*  o v e r  p h o sp h o ru s  p e n to x id e  r a i s e d  
th e  m e l t in g  p o i n t  to  1 9 3 °-1 9 4 ° , p ro b a b ly  due t o  th e  l o s s  
o f s o lv e n t  o f  c r y s t a l l i z a t i o n .  A sam ple was s e n t  to  be 
a n a ly s e d  u n d e r two c o n d i t io n s  o f  sam p lin g ; i n  one c a se  
m o is tu re  was r i g o r o u s ly  e x c lu d e d  u n d e r  d ry -b o x  c o n d i t io n s ,  
w n i l s t  no such  p r e c a u t io n s  were ta k e n  i n  th e  second  c a s e .  
The a n a l y t i c a l  f i g u r e s  co n firm ed  t h a t  one m o le eu le  o f 
w a te r  was ta k e n  up v e ry  r a p id ly  by  th e  anhyd rous m a t e r i a l .
A n a l. C alcd*  f o r  CgH^NO^P t C, 36*55 ; H, 8*18 ;
N, 7*10 ? P , 1 5 .7 1 .
Pound : C, 36*78 ; H, 8*27 ; N, 7*06 ; P , 1 5 .7 7 .
C a lcd *  f o r  Cg!i16N04P*M20 t C, 33*49 ; H, 8*43 %
N, 6*51.
Pound i C, 33*73 ; H, 8 .5 3  ; N, 6*77. 
Q - (M e th y lp h o s p h o ry l) -e tn a n o la m in e .
One gram o f  0 -p h o s p h o ry l-
e th a n o la m in e  ( 7*14 m .m ole . ) was d is s o lv e d  i n  56 m l. o f 
an  aqueous s o l u t io n  c o n ta in in g  one e q u iv a le n t  o f  t e t r a -  
methylammonium h y d ro x id e  ( 7*14 m. m o le . )*  The r e s u l t i n g  
s o lu t io n  was e v a p o ra te d  t o  d ry n e s s  a t  40° i n  vacuo
y i e ld in g  a c o lo u r l e s s  gum, w hich was th e n  d r ie d  a t  room
(24)
temperature for 2 hr, over phosphorus pentoxide at 0*1 mm, 
pressure* The gum was taken up in 20 ml, of magnesium dried 
methanol, the methanolic solution was stood in ice for 
20 min, and treated with excess of a solution of diazo­
methane ( generated from 2*92 g* of nitrosomethylurea ) 
in 27 ml, of cold ( 0° ) ether* The yellowish reaction 
mixture was kept at 0° for 20 hr, and then evaporated to 
dryness at 40° in vacuo. The colourless gum obtained was 
dried at 0*1 mm, pressure at room temperature over 
phosphorus pentoxide for 2 hr, yielding 2*07 g, of colour­
less semi-crystal line solid. This was dissolved in 12 ml, 
of water, passed through a column of 50 ml* of Dowex 
50 If ( H* ), 200-400 mesh, and the column was eluted with 
water at room temperature, 10 ml, fractions were collected, 
the ninhydrin-reacting material appearing in the seventh 
to fourteenth fractions. These fractions were subjected 
to paper electrophoresis in potassium dihydrogen phosphate- 
sodium hydroxide buffer mixture^ ( 0,05 M ), pH 7*0, for 
1 hr* at 20 V / cm* using 0-phosphorylethanolamine and 
ethanolamine as markers. The dried paper was sprayed 
with ninhydrin. Only one spot was detected in each case, 
suggesting that fractions 7-14 contained only a single 
ninbydrin reacting substance, this substance having a 
zero net charge. These fractions were combined, evaporated 
to dryness and then dried at room temperature for 3 hr, 
at 0*1 mm* pressure over phosphorus pentoxide yielding 
1*06 g* of white crystalline solid, m*p* 164° ( softening 
at 130° ), The product could be recrystaiiized from 
water-ethanol-ether mixture, after which it had m*p* 196°- 
197°* The analytical sample was dried at 56° / 0*05 mm* 
for 8 hr. over phosphorus pentoxide.
(25)
Anal. Calcd. for CqH^qNO^P : C, 23*25 ; H, 6*49 ;
N, 9.03 ; P, 19*97.
Found s C, 23*45 ; H, 6.57 ; N, 9.03j P, 19.76. 
Q-(Methylphosphoryl)-serine.
This substance was prepared 
from 1.0 g. ( 5*40 m.mole ) of 0-phosphorylserine1^ in 
an analogous way to O-methylphosphorylethanol amine 
except that two equivalents of tetramethylammonium 
nydroxide were used ( 8b mi. of 0.126 M tetramethyl- 
ammonium hydroxide ). The colourless gum obtained on 
evaporation of the aqueous solution of the di-tetra- 
m ethyl ammonium salt was dried at 0.1 mm. pressure for 
6 hr. at room temperature over phosphorus pentoxide.
It was dissolved in 40 ml. of magnesium dried methanol, 
and the solution was treated with excess of a solution 
of diazomethane ( generated from 2.79 g. of nitroso- 
methylurea ) in 38 ml. of ether in the cold ( 0° ). The 
reaction mixture was then kept at 0° for 18 hr. and 
evaporated to dryness at 40° in vacuo. The light 
yellowish gum so obtained was dried for 4 hr. at 0.1 mm. 
pressure over phosphorus pentoxide at room temperature 
giving 1.77 g. of product. This was taken up in 22 ml. 
of water, passed through a column of 75 ml. of Dowex 
50 V ( H+ ), 200-400 mesh, and the column was eluted 
with water. 10 ml. fractions were collected, the sixth 
to fifteenth fractions contained ninhydrin-reacting 
material* These fractions were then subjected to paper 
electrophoresis in potassium dihydrogen phosphate- 
sodium hydroxide buffer mixture ( 0.05 M ), pH 7.0, 
at 20 V / cm. for 1 hr. with 0-phosphorylserine and 
serine as markers ; spots were detected with ninhydrin.
(26)
The electrophoresis results suggested that fractions 
6-10 contained only one ninhydrin-reacting substance, 
this substance being the same in each fraction and 
having a net -ve charge which was somewhat less than 
that of the starting material. ( Fractions 11-15 
contained small amounts of three ninhydrin-reacting 
substances, all anionic in character, with one behaving 
like the marker O-phosphorylserine, which had the greatest 
electrophoretic mobility, another like the substance 
contained in fractions 6-10, whilst the third had a lower 
anionic mobility than the other two. ) Fractions 6-10 
were combined, evaporated to dryness at 40° in vacuo 
giving a colourless gum that was further dried at room 
temperature for 2 hr. at 0.1 mm. pressure over phosphorus 
pentoxide* Yield : 800 mg. Crystallization from a 
water-ethanol-ether mixture was effected by dissolving 
the crude product in 3 ml. of water, and adding 27 ml. 
of ethanol followed by ether till the point of faint 
turbidity, and allowing the mixture to stand at room 
temperature for 1-J- hr., and at 0° for 18 hr. Yield :
416 mg. of white crystals, decomposed at 120° ( the 
temperature at which the crystals began to froth up ).
One further recrystallization gave 316 mg. of crystals, 
decomp, point, 115°, raised to 125° by prolonged drying 
under vacuum. For analysis, two samples of the final 
product were dried at 56° / 0.1 mm. over phosphorus 
pentoxide, one sample for 8 hr. and the other for 30 hr.
( 2 7 a )
A n a l . C a l c d .  f o r  : C, 24*13 ; H, 5 . 0 6  ;
N, 7 . 0 4  ; P ,  1 5 . 5 6 .
P o u n d  ( s a m p l e  d r i e d  f o r  8 h r .  ) : C, 2 6 . 6 6  ;
H, 5 . 4 8  ; N, 6 . 5 6 .
P o u n d  ( s a m p l e  d r i e d  f o r  30 h r .  ) : C, 2 6 . 5 7  ;
H, 5 . 7 2  ; N, 6 . 6 4  ; P ,  1 4 . 8 4 .
The  a n a l y t i c a l  f i g u r e s  s u g g e s t e d  t h a t  t h e  p r o d u c t  
was i m p u r e .  I t  was c h r o m a t o g r a p h e d  i n  t h r e e  d i f f e r e n t  
s o l v e n t  s y s t e m s  C A, p y r i d i n e - a c e t i c  a c i d - w a t e r  ( 30 :
80 : 110 ) : n - b u t a n o l  ( 3 : 2, v / v  ) ; ß ,  e t h a n o l -  
w a t e r  ( 8 : 1, v / v  );  C, x>y r i& i n e “ a c e 'kic a c i d - w a t e r  ( 30 
80 i 1 1 0 , )  : n - b u t a n o l  ( 2 : 3 ,  v / v  ) 3  s u b j e c t e d  t o
p a p e r  e l e c t r o p h o r e s i s  i n  tw o  d i f f e r e n t  b u f f e r  s y s t e m s  
C A, so d iu m  a c e t a t e - a c e t i c  a c i d  ( 0 . 2  M ) ,  pH 4 . 0  ;
B, t r i s - ( h y d r o x y m e t h y l ) - a m i n o m e t h a n e — h y d r o c h l o r i c  a c i d ,  
( ’T r i s - H C l  * ) ,  ( 0 . 0 5  M ) ,  pH 7 . C .  3 »  The p a p e r s  w ere  
s p r a y e d  w i t h  n i n h y d r i n  a n d  H a n e s - I s h e r w o o d  r e a g e n t .  I n  
a l l  b u t  o n e  o f  t h e  s y s t e m s ,  o n l y  one  s u b s t a n c e  was 
d e t e c t a b l e .  H o w e v e r ,  i n  s o l v e n t  s y s t e m  A, two s t r o n g  
p h o s p h o r u s  c o n t a i n i n g  s p o t s  w e re  d e m o n s t r a t e d .  The l o w e r  
Rj, s p o t  a l s o  sh o w ed  a  s t r o n g  n i n h y d r i n  r e a c t i o n ,  b u t  t h e  
h i g h e r  R^ s p o t  r e a c t e d  o n l y  v e r y  w e a k l y  w i t h  n i n h y d r i n .  
The a n a l y t i c a l  f i g u r e s  s u g g e s t e d  t h e  i m p u r i t y  may h a v e  
c o n t a i n e d  m o re  t h a n  a  s i n g l e  m e t h y l  g r o u p .  H o w ev e r ,  
o t h e r  m e t h y l  g r o u p s  c o u l d  n o t  be  p r e s e n t  a s  p h o s p h o r y l  
o r  c a r b o x y l i c  m e t h y l  e s t e r s  a s  s u c h  p r o d u c t s  w o u ld  h a v e  
h a d  d i f f e r e n t  e l e c t r o p h o r e t i c  m o b i l i t i e s  t h a n  G - m e t h y l -  
p h o s p h o r y l s e r i n e .  The o n l y  a l t e r n a t i v e  p o s i t i o n  f o r  
e x t r a  m e t h y l  g r o u p s  i s  on t h e  n i t r o g e n .  I t  i s  d i f f i c u l t
( 2 7 b )
t o  e x p l a i n  t h e  a n a l y t i c a l  f i g u r e s  on t h e  b a s i s  o f  
c o n t  am i n  a t  i  on b y  N-m e t h y l  - 0  -m e t h y  l p h  o sph  o r y  1 s e r  i n  e , 
an d  a l s o  s u c h  a  c o n t a m i n a n t  w o u ld  m o s t  l i k e l y  h a v e  
r e a c t e d  moro  s t r o n g l y  w i t h  n i n h y d r i n .  W a t k i n s  ( p r i v a t e  
c o m m u n i c a t i o n  ) f o u n d  t h a t  m e t h y l  i o d i d e  t r e a t m e n t  o f  
amino a c i d s  g a v e  o n l y  a t r a c e  o f  t h e  N - m o n o m e t h y l a t e d  
d e r i v a t i v e s ,  t h e  m a i n  p r o d u c t s  b e i n g  m o re  h i g h l y  
m e t h y l a t e d  c o m p o u n d s .  I t  i s  s u g g e s t e d  t h a t  t h e  p r o d u c t  
o b t a i n e d  i s  a  m i x t u r e  o f  O - m e t h y l p h o s p h o r y l s e r i n e  an d  
t h e  N , N - d i m e t h y l  d e r i v a t i v e  i n  t h e  a p p r o x i m a t e  p r o ­
p o r t i o n s  o f  2 : 1 .
A n a l . C a l c d .  f o r  C ^H ^N C ^P ( 67 $  ) + CgH14N06P ( 33 #  )
C, 2 6 .8 5  ; H, 5 . 4 8  ; N, 6 . 7 2  ; P ,  1 4 . 8 7 .
F o u n d  ( s a m p l e  d r i e d  f o r  8 h r .  ) : C, 2 6 . 6 6  ;
H, 5 . 4 8  ; N, 6 . 5 6 .
F o u n d  ( s a m p l e  d r i e d  f o r  30 h r .  ) s C, 2 6 . 5 7  ;
H, 5 . 7 2  ; N, 6 . 6 4  ; P ,  1 4 . 8 4 .
(28)
( C ). QUATERNARY AMMONIUM COMPOUNDS.
INTRODUCTION & DISCUSSION.
Analogues of acetyl choline are being synthesized 
and tested for neuropharmacological activity* Substances 
related to acetyl choline ( VIII, n - 2, R - CH^ ) were 
chosen as this compound is the excitatory transmitter 
substance at the neuromuscular junction and also at 
synapses in certain restricted regions of the central 
nervous system.
+ +
R.C.0.(CH2)n.N(CHg)3 R.O.C.(CH2)n.N(CH3)g
O X -  0 X-
( VIII ) ( XII )
+
CH3,(CH2)n*C,0*CH2*CH2,N(CH3)3 
0 X-
( IX )
In other regions of the central nervous system acetyl 
choline has no action but the possibility exists that 
a structurally similar compound may have transmitter 
function in these parts.
Acetyl homocholine ( VIII, n - 3r R - CH^ ) was 
prepared as the first variation of the basic structure 
of acetyl choline* Other modifications included the 
variation of the alkyl group ( VIII ), and reversal of 
the carbonyl and ether oxygen atoms of the acyl group 
( XII )* The method employed for the preparation of
these quaternary ammonium esters was by direct treatment 
of the respective halo— esters with dry trim ethyl amine 
according to the reactions
X.(CH-) .O.C.R . N(CH-),
$ ° 3 ------> ( VIII )
( X )
and
X.(cH2)n.c.°.R + N(CHg) 3
0
( XI )
*  (Cttg)g.N.(CH2)n.C.0.R
0
( XII )
Acetyl homocholine ( VIII, n — 3, R — CHg ) has 
a longer carbon chain than acetyl choline ( VIII, n - 2,
R — Chg ) and this increases the distance between the 
ester and the quaternary ammonium groupings by which 
the active compounds are thought to become associated 
with the structural components of the junctional membrane 
and thus to manifest their characteristic actions.
Acetyl homocholine has been previously prepared as the 
iodide by Zu and Wilson^ by treating ^dimethylamino- 
propyl acetate with methyl iodide* In the present 
preparation, trimethylamine and ^  bromopropyl acetate 
were reacted together in alcohol solution at room 
temperature giving the required acetyl homocholine in
(30)
the form of its bromide 
acetate was prepared by 
on trimethylene glycol*
. The intermediate ^bromopropyl
the action of acetyl bromide 
12
Caproyl choline ( IX, n - 4 ), lauroyl choline
( IX, n • 10 ) and palmitoyl choline (IX, n a 14 )
have hydrocarbon ’tails* of increasing length which
render the substances more lipid soluble* This feature
was thought to be of interest because of the postulated
nature of biological membranes, in which a Dimolecular
lipid layer is thought to be an essential feature* The
2^-bromoethyl esters of the appropriate fatty acids were
prepared by refluxing a-bromoethanol and the fatty acid
in toluene containing sulphuric acid, with azeotropic
removal of water* The esters were then reacted with
dry trimethylamine which gave the auaternary ammonium
compounds as the bromides* Each of these three choline
derivatives had previously been prepared as their iodides
by the action of methyl iodide on the respective
132—dimethylaminoethyl esters of the fatty acids*
A series of ’reversed* analogues of choline and 
homocholine was prepared to investigate the effect of 
this particular structural modification on the neuro- 
pharmacological activity* These substances are represented 
by formula { XII ).
^-carbomethoxyethyltrimethylammonium chloride 
( XII, n s 2, R - CHg, X «• Cl ) is an isomer of acetyl 
choline chloride ( VIII, n - 2, R »CH^, X — Cl ) but 
has the ccarbonyl and ether oxygen atoms in the reverse 
order* This was prepared by treating methyl-^-ehloro- 
propionate ( XI, n — 2, R - CH^, X - Cl ) with a 
solution of dry trimethyl amine in methanol at reflux
(31)
temperature* The intermediate methyl-^3-chloropropionate 
was obtained by esterification of ß-chloropropionic acid 
with methanol in the presence of dry hydrogen chloride*
ß-carboethoxyethyltrimethylammonium chloride ( XII, 
n - 2, R - CH^.CHg, X - Cl ) is the Reversed* analogue 
of propionyl choline ( VIII, n 2, R » Ch^CH^, X -* Cl ) 
which has an action similar to acetyl choline at most 
cholinoceptive junctions* The compound was prepared by 
the same method as for ß-earbomethoxyethyltrimethyl- 
ammonium chloride* The intermediate, ethyl-yö-chloro- 
propionate ( XI, n - 2, R s CHg.CHg, X a Cl ) was made 
using ethanol instead of methanol. No record of previous 
preparations of either of these two quaternary ammonium 
esters could be found in the chemical literature.
y-carbomethoxypropyltrim ethyl ammonium bromide ( X U  
n — 3, R - CH^, X - Br. ) has one methylene group more 
than j§-earbom ethoxy ethyltrimethyl ammonium chloride and 
is thus the 'reversed* analogue of acetyl homocholine 
bromide. The starting material, methyl-^»bromobutyrate 
( XI, n - 3, R - CHg, X - Br ) was obtained by ring 
opening of i^-butyrolactone with dry methanol and hydrogen 
bromide at 0°* On reaction with trimethyl amine ill the usual 
way, methyl-^-bromobutyrate was converted into the 
quaternary ammonium bromide which has not been previously 
synthesized* Unlike the two other ’reversed* esters, 
this substance is not hygroscopic.
Table II illustrates the pharmacological actions of 
the quaternary ammonium compounds compared with that of 
acetyl choline ( ACh ) which was used as the reference 
substance and was given an arbitary rating of 100. On
( 3 2 )
Renshaw c e l l s ,  th e  e q u a l ly  p o te n t  ^ -c a rb o m e th o x y e th y l-  
t r im e th y l  ammonium c h lo r id e  and ) j^ -c a rb o m e th o x y p ro p y ltr i-  
m e th y l  ammonium brom ide h ad  a g r e a t e r  a c t i v i t y  th a n  ACh, 
w ith  a c e ty l  hom ocho line  brom ide l e s s  p o te n t  th a n  ^ -c a rb o — 
e th o x y e th y ltr im e th y lam m o n iu m  c h lo r i d e ,  th e  l a t t e r  h a v in g  
th e  same a c t i v i t y  as ACh. C a p ro y l, l a u r o y l  and p a lm ito y l  
c h o l in e  ( a l l  a s  t h e i r  b ro m id es ) ,  u n l ik e  th e  r e s t  o f th e  
q u a te r n a r y  ammonium compounds, f u n c t io n e d  by b lo c k in g  th e  
a c t i v i t y  o f  ACh* C aproy l c h o lin e  b rom ide was two and a 
h a l f  t im e s  a s  a c t iv e  as ACh on th e  to a d * s  r e c t u s ,  and 
j§ -ca rb o rae th o x y e th y ltrim e th y lam m o n iu m  c h lo r id e  s i x  and a 
h a l f  t im e s  a s  p o t e n t .  The b rom ides o f a c e ty l  hom ocho line  
and )j^-carbom ethoxypropyl t r im  e th y l  ammonium w ere abou t 
f o u r - f i v e  t im e s  l e s s  a c t i v e  th a n  ACh. On g u in e a  p ig  i le u m , 
o n ly  ß -c a rb o m e th o x y e th y l tr im e th y lammonium c h lo r id e  was 
s l i g h t l y  more a c t iv e  th a n  ACh, w h ile  d e a rb o rn  e th o x y p ro -  
py ltrim etn y lam m o n iu m  b ro m id e , a c e ty l  hom ocho line  brom ide 
and c a p ro y l c h o l in e  b rom ide were much w eaker th a n  ACh*
TABLE I I . P h a rm a c o lo g ic a l  A c tio n s  o f Q u a te rn a ry  Ammonium 
Compounds.
Q u a te rn a ry  Ammonium Compds.
A c e ty l C h o lin e .
A c e ty l H om ocholine B rom ide. 
C ap roy l G h o lin e  B rom ide. 
L au ro y l C h o lin e  B rom ide. 
P a lm ito y l  C h o lin e  B rom ide.
^R ec tu s *11eum Renshaw
to a d  ) ( g u in e a  j 
P ig  )
c e l l .
, 100 . 100 . +++
2i*  ; 1*6. ; +
250. 0 .5 . /
- - /
-
•
/
(33)
TABLE II. ( contd. )
Reversed*  Choline Esters. 1^Rectus j 
(toad ) j
*Ileum 
( guinea 
pig*)
Renshaw 
cell.
( cat. )
^-Carbomethoxyethyltri- 
methylammonium Chloride.
650. 130 +++++
^-Carboethoxyethyltri­
ammonium Chloride.
- - +++
^Carbomethoxypropyltri- 
ammonium Bromide.
26. 6.4. +++++
Note : - : Not tested*
* : Potency of acetyl choline taken as 100*
+++ : Activity of acetyl choline.
+ : Activity less than that of acetyl choline. 
+++++ s Activity greater than that of acetyl 
choline.
/ : Blockes activity of acetyl choline.
Results obtained from experiments conducted by Dr. D. R* 
Curtis and R. W* Ryall.
(34)
EXPERIMENTAL 
X^-Bromopropyl acetate.
One hundred grams of acetyl bromide 
was added to an equivalent quantity of trimethylene gylcol 
( 147*2 g. ) and the mixture kept at 0° overnight. The 
reaction mixture was warmed at 100° for 1 hr. and distilled 
under reduced pressure, yielding crude ^-bromopropyl 
acetate which was contaminated with trimethylene brorao- 
hydrin. The crude product was digested under reflux for 
5 hr. with acetyl bromide and the unreacted acetyl bromide 
together with hydrogen bromide was removed by vacuum 
distillation. The remaining mixture was fractionated 
under reduced pressure and the fraction boiling at 102°— 
103° / 30 mm. was collected. Yield $ 105.4 g. ( 71.6 $ )
Acetyl homocholine bromide.
Ten grams of ^bromopropyl
acetate was treated with 12 ml. of 33 $ ethanolic tri­
methylene and the mixture kept overnight at room temp­
erature. Ether was added to the mixture to the point of 
incipient turbidity after which it was allowed to stand 
at 0° for 24 hr. The supernatant solution was decanted 
from the oily precipitate, which was recrystallized three 
times from hot ethanol and petroleum ether ( b.p* 80°- 
100° ) yielding 4.2 g. ( 31.7 $ ) of very hygroscopic 
crystals of acetyl homocholine bromide, m.p. 125°. For 
analysis, a sample was dried at 50° over phosphorus 
pentoxide for 10 hr. at 0.1 mm. pressure.
Anal. Calcd. for Cyh^gBrNOp i C, 40.00 ; H, 7*53 ;
Br, 33.27 ; N, 5.88.
Found j C, 39.97 ; H, 7.25 ; Br, 33.33 ; N, 5.87
(35)
Methyl-p-chloropropionate»
Dry hydrogen chloride was
passed continuously through a solution of 21.0 g. of 
^-chloropropionic acid in excess of methanol while the 
mixture was heated under reflux for hr. The reaction 
mixture was concentrated in vacuo until all the hydrogen 
chloride had been removed, and the ester was distilled 
under reduced pressure yielding 14.5 g* ( 61.1 % ) of 
colourless liquid.
i-Carbomethoxyethyltrimethylammonium chloride»
M ethyl-jß-
chloropropionate ( 10*3 g* ) was refluxed with an equal 
amount of methanol while excess dry trimethylamine was 
passed through the solution* The latter was prepared by 
refluxing a solution ( 34 ml* ) of 33 ^ of trimethylamine 
in ethanol over poatssium hydroxide pellets and the evolved 
gas was dried by passage through a soda-lime tube* The 
reaction mixture was kept overnight at room temperature 
and the crude product was filtered yielding 11.4 g*
( 75 ) of white crystals* This material was recrystallized
from a mixture of methanol and ether yielding hygroscopic 
white crystals, m.p. 173.5°—174°* A sample for analysis 
was dried at 70° / 0*2 mm. over phosphorus pentoxide*
Anal. Calcd* for C^H-^ ClflOg i C, 46*28 ; h, 8*87 ;
Cl, 19*52 ; a, 7*71.
Found * C, 46*58 ; H, 8.77 ; Cl, 19*70 ; N, 7*75*
(36)
Ethyl-^-chloropropionate»
This substance was prepared 
exactly as the methyl ester from 29*0 g. of ß-chloro- 
propionic acid, except that ethanol was used instead of 
methanol. H e l d  : 19.3 g* ( 53 $ ), b.p* 61*5° / 50 mm.
^■Carboethoxyethyltrimethyl ammonium chloride.
This compound
was prepared in an analogous way to the methyl ester from 
a solution of 4*0 g. of ethyl-^-chloropropionate in equal 
amount of dry ethanol. The trimethylamine gas was generated 
from 30 ml. of 33 $ alcoholic trimethylamine in the usual 
way. M.p* 170°-170*5°* The analytical sample was dried at 
65° / 0.2 mm* over phosphorus pentoxide for 24 hr.
Anal. Calcd* for CgH^ClNOg : C, 49.10 ; H, 9.26 ;
Cl, 18.11 ; N, 7*16.
Jtfound : C, 49.25 ; H, 9.07 ; Cl, 18.06 ;
N, 7.17.
Methyl-^-bromobutyrate.
A mixture of thirty grams of
^-butyrolactone and 100 ml* of dry methanol was saturated 
with dry hydrogen bromide gas at 0°. The resulting solution 
was kept at 0° for two days and at room temperature for 
one day. The reacted solution was then subjected to 
fractionation in vacuo and the fraction boiling at 50°- 
52° / 1.3 mm* was collected. Yield : 30*3 g. ( 48 $ )•
(37)
)£carbomethoxypropyltrim ethyl ammonium bromide»
Six grams
of the methyl—'^-bromobutyr ate was refluxed with 10 ml. of 
dry methanol and dry trimethylamine was continuously 
passed through the mixture. The trimethylamine gas was 
generated from 50 ml. of 22*87 $ ( w / v ) alcoholic 
trimethylamine and the evolved gas dried by a soda-lime 
tube. The reaction mixture was kept overnight at room 
temperature before ether was added to the point of in­
cipient turbidity and then allowed to stand at 0° for 
24 hr. The white crystalline deposit was filtered and 
recrystallized three times from methanol-ether mixture. 
Yield s 2*2 g., m.p. 76°-77°. For analysis, a sample of 
the product was vacuum dried at room temperature over 
phosphorus pentoxide for 24 hr.
Anal. Calcd* for CgH^BrNOg s C, 40*00 ; h, 7.55 ;
Br, 33. 27 ; AI, 5.83.
Found : C, 39.48 ; H, 7.51 ; By, 32.88 ; N, 5*88*
2- Bromoethyl caproate.
A solution of 15 g. of n-caproic 
acid, 48 g. of 2-broraoethanol, 2*3 g. of concentrated 
sulphuric acid in 100 ml. of toluene was refluxed for
3- J- hr. with azeotropic removal of water. The dark brown 
solution was cooled, washed three times with 60 ml- 
volumes of water, dried with anhydrous sodium sulphate 
for 24 hr. and subjected to fractional distillation 
under reduced pressure. The fraction boiling at 84°-85°
/ 2.5 mm. was collected* Yield : 28.8 g. ( 65 $ ).
( 38 )
C aproyl c h o l i n e «
E xcess  o f  d ry  t r im e th y la m in e  g a s ,  p r e p a r e d  
from 30 m l. o f a 23 $  ( w /  v ) s o l u t i o n  o f  t r im e th y la m in e  
i n  a lc o h o l  i n  t h e  u s u a l  way, was p a s s e d  th ro u g h  5 .0  g .  of 
warm 2 -b rom oethy l c a p r o a t e .  A w h ite  d e p o s i t  fo rm ed  a f t e r  
t h e  r e a c t i o n  was a l lo w e d  t o  s t a n d  o v e r—n i g h t  a t  room 
t e m p e r a tu r e .  The ex ce ss  t r im e th y la m in e  was rem oved i n  a 
vacuum d e s i c c a t o r  o v e r  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  y i e l d ­
in g  5 .0 5  g .  o f  c ru d e  p r o d u c t ,  which was washed e i g h t  t im e s  
w ith  8 m l-vo lum es o f  d ry  e t h e r .  B ecause  o f  t h e  h y g ro ­
sc o p ic  n a tu r e  o f  th e  p r o d u c t ,  t h e  e t h e r  w ash ings  were 
c a r r i e d  o u t  by a l lo w in g  t h e  s u s p e n s io n  to  s e t t l e ,  and 
c a r e f u l l y  p i p e t t i n g  o f f  t h e  s u p e r n a t a n t  e t h e r e a l  e x t r a c t ;  
r e s i d u a l  e th e r  from  t h e  l a s t  w ashing o p e r a t io n  was a l lo w e d  
to  e v a p o r a te  a t  room te m p e r a tu r e  th ro u g h  a c a lc iu m  c h l o r i d e  
t u b e .  F o r  a n a l y s i s ,  a sam ple was d r i e d  a t  60° o v e r  
p h o sp h o ru s  p e n to x id e  f o r  7 h r .  a t  0 .0 5  mm. p r e s s u r e .
M.p. 1 0 8 ° -1 0 9 ° .
A na l. C a lc d .  f o r  C^B^BrJMO^ : C, 46 .81  ; H, 8 .5 7  ;
B r ,  2 8 .3 2  ; N, 4 .9 6 .
Found s C, 46 .20  ; H, 8 .4 3  ; B r ,  29*28 ; N, 5 .1 2 .  
3 -Brom oethyl l a u r a t e .
T h is  s u b s ta n c e  was p r e p a r e d  by th e  
m ethod d e s c r ib e d  f o r  2 -b ro m o e th y l  c a p r o a t e  from 50 g . o f  
l a u r i c  a c i d ,  40 g .  o f  2 -b ro m o e th a n o l , 1 g .  of c o n c e n t r a t e d  
s u lp h u r i c  a c id  i n  100 m l. o f  t o l u e n e .  Y ie ld  : 13 g .
( 5 6 .5  $  ) .  The c o l o u r l e s s  e s t e r  was r e f r a c t i o n a t e d  and 
th e  f r a c t i o n  b o i l i n g  a t  1 2 5°-127°  /  0 .1  mm. was a n a ly s e d .
(39)
Anal, Calcd. for C^^H^ßr0o s C, 54,74 ; H, 8,86 ;
Br, 26,01.
Found : C, 54,81 ; H, 8,95 ; Br, 26,24.
Lauroyl choline.
This compound was synthesized in an 
analogous way to caproyl choline from 1,7 g. of 2-bromo- 
ethyl laurate. The trimethylamine gas was generated from 
70 ml. of 22,3 $ ( w/v ) alcoholic trimethylamine in the 
usual way. The analytical sample was dried at 58° / 0.05 mm, 
over phosphorus pentoxide for 7 hr. M.p. 150°.
Anal. Calcd. for C ^ H ^ B r N O g  s C, 55,72 ; H, 9,90 ;
Br, 21.81 ; N, 3.82.
Found : C, 55.34 ; H, 10.16 ; Br, 22.31 ;
N, 3.94.
2-Bromoethyl palmitate.
This was prepared in the same way 
as the previous fatty acid esters, 25 g. of palmitic acid 
gave 10.4 g. of product, m.p. 44°-45.5°. A further crop 
of 6.34 g. was obtained from the filtrate giving a total 
yield of 16.74 g. ( 46.4 $ ). The crude product was re­
crystallized three times from minimal amounts of hot 
acetone which raised the melting point to 45°-46°. The 
analytical sample was dried in air at room temperature 
for 20 hr.
Anal. Calcd. for C^gÜ^BrO^: C, 59.50 ; H, 9.71 ;
Br, 21.99.
Found : C, 59.74 ; H, 9.47 ; Br, 22.14.
(40)
Palmitoyl choline.
Excess dry trimethylamine gas prepared 
in the usual way was passed through a warm solution of 
3 g. of 2-bromoethyl palmitate, The trimethylamine gas 
was generated from 100 ml. of 23 $ ( w/v ) alcoholic 
trimethylamine. The white solid formed was kept in a 
vacuum desiccator over concentrated sulphuric acid over­
night to remove the excess trimethylamine, and further 
dried over phosphorus pentoxide, giving a crude yield 
of 3.18 g. { 90 %  ) •
The product was recrystallized three times from hot acetone, 
yielding white crystals, m.p. 176°-178°. The analytical 
sample was dried at 59° / 0.05 mm. over phosphorus pentox­
ide for 6 hr.
Anal. Calcd. for C^h^^hrMOg s C, 59.69 ; H, 10.50 ;
Br, 18.91 ; N, 3.32.
Found : C, 58.88 ; H, 10.63 ; Br, 19.28 ;
N, 3.26.
The analysis showed the carbon figure to be slightly 
low and another sample of the product was dried at 59°
/ 0.05 mm. for 14 hr. over phosphorus pentoxide.
Anal. Calcd. for C2i*14415rW02 * C> 5 Ü, 10.50 ;
Br, 18.91 ; N, 3.32.
Found j C, 59.24 ; H, 10.57 ; Br, 19.89 ; N, 3.32.
The second analysis gave a higher bromine value than 
expected though the carbon content was closer to the 
theoretical value.
SECTION II
IDENTIFICATION OF SOME ACID-SOLUBLE NUCLEOTIDE 
DERIVATIVES IN OX BRAIN.
(41)
INTRODUCTION & DISCUSSION.
Watkins had shown that when a perchloric acid extract 
of brain was subjected to ion— exchange chromatography on 
Dowex 50 W ( H+ ), 200-400 mesh, many U.V-absorbing sub­
stances were weakly adsorbed and could be eluted by water* 
Some of the eluted substances were readily identified by 
electrophoresis* chromatography and U.V-absorption charac­
teristics, but others remained unidentified at that time*
The latter seemed to contain cytidine and adenosine 
Chromophoren* The order of elution found by Watkins was 
as follows :-
1* Guanosine-5*-phosphate, GMP(5*).
2* Adenylylsuccinic acid*
3*. An unidentified cytidine derivative.
4. An unidentified adenosine derivative.
5. An unidentified cytidine derivative ( not 
identical with 3* )
6. Cytidine-5*-phosphate, CMP(5*).
7* Nicotinamide-adenine dinucleotide, NAD*
8. Adenosine-5*-phosphate, AMP(5*).
It was therefore of interest to investigate the unidentified 
substances detected in these eluates and the cytidine- 
containing substances were initially chosen in view of 
the importance of cytidine co-enzymes in phospholipid 
synthesis, and the role of the latter substances in nervous 
processes*, Cytidine diphosphate choline ( CDP-C ) and 
cytidine diphosphate ethanolamine ( CDP-E ) had both 
previously been detected in brain*'*'4 but there remained 
the possibility that related substances such as cytidine 
diphosphate N-methyl ethanolamine and cytidine diphosphate
(42)
N, N- dim ethyl ethanol am ine might also occur and be involved 
in similar metabolic pathways*
Cytidine Co—Enzymes and Phospholipid Biosynthesis*
Kennedy
and his co-workers had demonstrated that phosph&tidyl-
1 c r e
choline1 and sphingomyelin could be formed by the 
reaction of CDP-C with a D-o^-diglyceride and N-acyl- 
sphingosine respectively, and phosphatidylethanolamine"^ 
from CDP-E and D-c^S-diglyceride. They also postulated 
that phosphatidylserine was most likely to be formed in 
nature in an analogous way, with serine first converted 
into phosphorylserine, then to cytidine diphosphate serine 
( CDP-S ) and finally to phosphatidylserine by reaction 
of CDP-S with a D-pfjS-diglyceride. If this was the case, 
the identification and isolation of CDP—S would form a 
step towards proving the existence of this metabolic 
pathway for the biosynthesis of phosphatidylserine in 
nature* The demonstrations of the existence of either 
cytidine diphosphate N-m ethylethanol amine or cytidine 
diphosphate N fN-dimethylethanolamine of both of these 
compounds in brain would be of great interest since one 
would expect that these cytidine derivatives, like CDP—C 
and CDP—E, would react with a D-^-diglyceride to form 
the respective phosphatidyl derivatives* If this were the 
case, the possibility of another biosynthetic pathway 
could not be ruled out* One might expect, for example, 
the cytidine diphosphate N-methyl ethanol amine to react 
with a D-0(^-diglyceride to form a phosphatidyl N-methyl- 
ethanolamine, which by direct methyl ation, probably 
involving methyl-S-adenosylmethionine, could be converted 
to phosphatidylcholine via phosphatidyl N, N-dimethyl- 
ethanolamine. The existence of both phosphatidyl N-methyl-
(43)
ethanol amine and phosphatidyl N,N-dim ethyl ethanol amine, 
and the process of direct methylation -with methyl-S-
17adenosylmethionine were reported by Bremer and Greenberg*
Using liver tissues in vitro* they demonstrated that
labelled phosphatidylcholine was formed from methyl-labelled
S-adenosylmethionine and offered convincing evidence
that the water-soluble forms of choline such as phosphoryl-
choline and CDP-C were not directly produced. Instead,
they succeeded in detecting the formation of labelled
phosphatidyl N-methylethanol amine and phosphatidyl N,N-
dimethyethanolamine, suggesting that methylation of
ethanolamine to choline actually took place with the
phospholipids acting as successive intermediates. They,
18thus supported the early work of Crowder and Artom,
who illustrated that phospholipids could be formed in vitro
j
from dimethylaminoethanol while Nyc and his collaborators 9 
had shown that a mutant strain of Neurospora crassa
( 47904 ) which normally required choline for optimal 
growth, accumulated phospholipids containing mono- and 
dimethylaminoethanol when grown in the absence of choline. 
The early results of Nyc and Artom were consistent with 
the hypothesis that methylation of ethanolamine to choline 
was possible via phosphatidyl ethanol amine with phosphatidyl 
N-methylethanol amine and phosphatidyl N,N-dimethylethanol­
amine acting as successive intermediates.
After having isolated CDP-C, CDP-E, CDP-D ( cytidine
diphosphate diglyceride ), CDP-G ( cytidine diphosphate
glycerol ) and CDP-R ( cytidine diphosphate ribitol )
91 99from bacteria, Baddiley 9 showed that the first three 
cytidine containing co-enzymes were essential in the 
formation of the phospho-diester linkages of phospholipids 
in living cells. In cytidine co-enzyme reactions, it is
(44)
generally believed that an enzyme-catalysed nucleophilic 
attack of the oxygen of a hydroxyl group occurs with the 
displacement of CMP(5*), and the formation of a mono­
phosphorus diester linkage as illustrated thus
OH OH
( Cytidine co— enzyme )
0w
4 - Cyt-O-P-O-H'  tOH
CMP(5*)
0
+ R* —O-P—0—R
OH
( Diester )
Cytidine Co-enzymes :
CDP-C, R — -c h 2.c h 2«n (c h 3)3
CDP-E, R 55 -c h 2.c h 2.n h 2
CDP-D, R — -CHo*CH.CHo«0«C0“ » I0 « CO • R
Baddiley also illustrated that CDP-D was involved in 
phosphatidylinositol and phosphatidylglycerophosphate 
formation by reaction with myo— inositol and L-0^-glycero- 
phosphate respectively« The biosynthesis of the plas— 
malogenic phosphatides were still obscure as no direct 
pieces of evidence were yet available« Like other con­
ventional phosphatides e«g« phosphatidylcholine and 
phosphatidylethanolamine, they were widely distributed 
in nature, and have structures closely similar to them«
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G e n e ra lly  i n  th e  p la s m a lo g e n ic  s e r i e s  t h e  f a t t y  a c id  
e s t e r  l in k a g e  i n  th e  O p p o s it io n  o f  th e  g ly c e ro p h o s p h a te  
i s  r e p la c e d  by an a ld e h y d o g e n ic  bond, i n  th e  form  o f an 
0(^-uns a t  u r a t e d  e t h e r .  Compounds h a v in g  th e  g e n e ra l  
s t r u c t u r e  X I I I ,  which i s  c lo s e l y  s i m i l a r  t o  0 ^ 3 -d ig ly c e r id e s ,
Q CHo-0-CH^CH-R
i i  * ^
R * —C-O-CH
ch2oh
( X II I  )
can r e a c t  w ith  CDP*»C o r  CDP-E i n  th e  p re s e n c e  o f  a p a r t i ­
c u la r  enzyme to  fo rm  th e  p la s m a lo g e n ic  p h o s p h o l ip id s  o f
p h o s p h a t id y lc h o l in e  and p h o s p h a tid y le th a n o la m in e  
23r e s p e c t i v e l y .
P h o s p h o lip id s  and Membrane S t r u c t u r e .
B ecause  o f  th e  r o l e
p la y e d  by th e  c y t id in e  n u c le o t id e s  i n  p h o s p h o l ip id  b io ­
s y n th e s i s ,  th e y  a r e  o f g r e a t  im p o rta n c e  i n  th e  s y n th e s i s  
and m a in te n a n c e  o f  c e l l u l a r  s t r u c t u r e .  C e ll  membranes a r e  
b e l ie v e d  to  c o n s i s t  o f an o r i e n t a t e d  b i - m o le c u la r  l a y e r  o f  
p h o s p h o l ip id s  c o a te d  e x t e r n a l l y  and i n t e r n a l l y  by  a  mono- 
l a y e r  o f  p r o t e i n  as i l l u s t r a t e d  d ia g ra m m a tic a l ly  i n  P ig .  I .
(
)
P ig .  I .  P o s tu la te d  Membrane S t r u c tu r e
(46)
llie hydrophobic fatty acid chains are held together by 
Van der Waals* forces, and constitute a hydrocarbon 
interior which is responsible for the high electrical 
resistance of the membrane. The polar groups of both 
lipid and protein are probably involved in transport 
phenomena including the specific and controlled movements 
of sodium and potassium ions across the membrane during 
the conduction of impulses along nerve fibres» Thus by 
their association with the membrane structure, the 
phospholipids, and hence also the cytidine containing 
substances, are linked with the neurophysiology of nervous 
conduction and transmission*
In model systems, 9 lipid bi-layers seem to be 
impermeable to ions, and the mechanism by which ions 
across cellular membranes are not known. A variety of 
proposals have been made, one of the more important 
being the "Lipoid-Pore Hypothesis"# The 'pore* in the 
membrane is suggested to be formed by a protein helix 
or by a group of such helices with charged groups which 
have appreciable freedom of movement. Under these cont­
entions, the protein or other substances facilitating 
transport surround the ion transported and avoid the 
need to introduce it as a hydrated ion to the hydrocarbon 
chains of the lipid, which also carry charged groupings. 
Pharmacological agents are thought to act by forming 
complexes with the membrane molecules and changing the 
membrane permeability» For example, acetyl choline is 
believed to be bound to a membrane molecule by virtue of 
an interaction between the quaternary ammonium and ester 
groupings and complementary sites on the receptor molecule. 
This results in conformational changes and gives rise to 
the increased permeability to sodium and potassium ions 
responsible for the induced nervous and muscular activity.
(47)
Identification of Two Cytidine-containing Substances 
from Ox Brain.
The present work describes the extraction and 
identification of two cytidine derivatives from ox 
brain. Extraction was carried out with perchloric acid, 
adopting the same proceedure as that used by Watkins. 
Different methods of extraction were recorded in the ogliterature by various workers e.g. Ansell and Bayliss^ 
used 10 io ice-cold trichloroacetic acid, an ice-cold 
mixture of ethanol-water ( 2 : 1 ,  v/v ) by Kennedy and 
Weiss^ and hot aqueous extract by Lunt and Kent.
Perchloric acid was most convienent as the perchlorate 
ion could be removed as the insoluble potassium per­
chlorate at pH 4.0 with potassium hydroxide. The cytidine 
nucleotides were then partially separated from the other 
U.V-absorbing substances by passing the perchloric acid 
extract through a column of Dowex 50 W ( H + ), 200—400 
mesh, and the U.V-absorbing compounds which were loosely 
held by the resin were eluted with water. The U.V-absorbing 
substances in each fraction were initially examined by 
paper electrophoresis in sodium acetate-acetic acid buffer 
mixture ( 0.2 M ), pH 4.0. The patterns so obtained 
were compared with those obtained by Watkins in order 
to establish correspondence between fractions. At pH 4.0, 
the cytidine-containing substances had the lowest 
electrophoretic mobility in an anionic direction, and 
for convienence such substances were designated by the 
suffix ( A refering to anion and 1 to the fact that 
the U.V-absorbing region was closest to the line of 
application of the fraction on the paper. ) This is 
illustrated in page 48 of a  paper electrophoresis pattern
obtained using fraction eight as an example.
( 4 8 )
Ö Aj— ► e  J >
PAPER ELECTROPHORESIS 
OF FRACTION 8
BUFFER: NoC02CHj - CHjCOOH
0 2M, PH4 0
VOLTAGE: 4 0 0 V  (* IOV/cm )
T IM E : 1-5 hr
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Preliminary identification of substances thus separated 
was made by cutting out the U.V-absorbing regions, eluting 
them with water, and examination of their U.V. spectra 
at three different pHs. Those cytidine-containing substances 
which remained unidentified by Watkins were present in 
the eighth to eleventh and the thirteenth to sixteenth 
fractions» The first group reacted with ninhydrin but the 
second group did not» Each of the fractions contained a 
substance with a characteristic U.V-absorption of a 
cytidine derivative with a maximium absorption at about 
280 m^ i in acid medium ( pH 1.0 ) and this is illustrated 
by the U»V-absorption curves of fraction 10 and fraction 
15 at three different pHs» Fraction 10 is taken to re­
present the ninhydrin reacting group, and fraction 15 
the group which did not react with ninhydrin. ihe U.V- 
absorption curves are illustrated in page 50-51.
Identification of these cytidine derivatives was 
done principally by acid hydrolysis. The hydrolytic 
products were identified by paper chromatography, paper 
electrophoresis and U.V-absorption. In all cases, known 
markers were used., The "ninhydrin -ve" cytidine derivatives 
of fraction thirteen to sixteen, on N hydrochloric acid 
hydrolysis at 100° for 30 mins, in sealed tubes, liberated 
two compounds having the same R^s as CMP(5*) and phosphoryl- 
choline. The latter was detected on chromatographic papers 
by Hanes-Isherwood reagent and the former by means 
of U.V-absorption and also by Hanes-Isherwood phosphate 
spray. With 6 N hydrochloric acid hydrolysis at 100° for 
60 hr. in a sealed tube, three U.V-absorbing spots were 
detected, these substances having R^s equivalent to 
cytosine, cytidine and CMP(5*)* Furthermore, free choline
( 5 0 )
UV-AB SORPTION CURVES OF 
CYTIDINE-CONTAINING SUBSTANCE 
IN FRACTION IOA,
—  ACID (p H s |)
—  NEUTRAL (pHs 7)
—  ALKALINE (pH= I j )
2 *0  <ryj
A(WAVELENGTH) ----
( 5 1 )
UV-ABSORPTION CURVES OF 
CYTIOINE- CONTAINING SUBSTANCE 
IN FRACTION I5A.
--------ACID (pH- I )
-------- NEUTRAL (pH- 7 )
------- ALKALINE (pH- I f )
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and inorganic phosphate were present among the products 
of idie 6 N hydrochloric acid hydrolysis of fraction 15 
which was ta^en to represent the *ninhydrin -ye” group.
Free choline was detected by using 0.2 $ dipicrylamine 
in acetone. It thus appeared that the eytidine derivative 
of this group might be CDP-C, since an authentic sample of 
CDP-C when similarly treated gave identical results. The 
positions of the bonds hydrolyzed by the two strengths of 
hydrochloric acid in order to give the products detected
are illustrated below.
CMP(5*)
CH2-CH2-N(Cli3) 3
( CDP-C )
HC1 / 100° / 30 min. 
sealed tube )
HO-P—0-CH 2-CH 2-N ( CH3) 3
6-
( Phosphorylcholine )
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CH o- 0 -P -0 -P -0 -  CH 0-  CH 0-N ( CH J CDP-C )
(2 ) (3 ) (4 )
C y to sin e  )
( s e a le d  tu b e  )
( C y tid in e  )
(2 )  and (3 )HO-P-OH
(3) and ( 4)
( In o rg a n ic  Phosphate )
H0-CHo-CHo-N (C H j
( C h olin e )
(54)
Practically identical results were obtained with the 
"ninhydrin +ve* substances of fraction nine to eleven 
when hydrolyzed with N and 6 N hydrochloric acid under 
the same conditions as the "ninhydrin -ve" group« With 
N hydrochloric acid hydrolysis at 100° for 30 min«, 
besides CMPtb1)» phosphorylethanolamine was detected 
instead of phosphorylcholine« Both phosphorylethanolamine 
and ethanolamine, instead of choline, were present among 
the 6 N hydrochloric acid hydrolysis products, together 
with the same three U«V-absorbing substances ( i«e« cytosine, 
cytidine, CMP(5*)* ) as obtained before« Ethanolamine 
and phosphorylethanolamine were detected with ninhydrin 
reagent« At this stage, it appeared that the "ninhydrin 
+vew compound was most likely to be CLP-E« The only 
difference between the "ninhydrin -ve" and the "ninhydrin 
+ve" groups was in the nature of the terminal moiety, 
this being ethanolamine in the latter ease, and choline 
in the former«
The "ninhydrin +ve" and "ninhydrin -ve" groups 
behaved chromat©graphically and electrophoretically exactly 
like the authentic markers, CDP-E and CDP-C respectively« 
Paper electrophoresis was carried out in three different 
solvent systems having different pH values (i.e. 4«0,
7 « 0 and 10 « 7 )«
As further confirmation that the substance of fraction 
15 A^ was CDP-C, the pyrimidine base of this fraction 
was liberated by treating an electrophoretically pure 
sample with 70 % perchloric acid at 100° for 30 min« 
and identified as cytosine by U«V-absorption measurement 
followed by paper chromatography and electrophoresis 
against an authentic marker« Perchloric acid was used
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f o r  two r e a s o n s .  F i r s t l y ,  i t  g iv e s  r i s e  to  l e s s  d e a m in a tio n
32th a n  s u lp h u r ic  o r  h y d r o c h lo r ic  a c id ,  and s e c o n d ly , i t  
c a u se s  no a p p re c ia b le  d e s t r u c t io n  o f e i t h e r  th e  p y r im id in e  
o r  p u r in e  b a se s  u n d e r th e  c o n d i t io n s  used*
The su g a r  r e s id u e  o f th e  c y t id in e  d e r i v a t i v e s  was 
d e te rm in e d  u s in g  b o r a te  e l e c t r o p h o r e s i s  a t  pH 9*1* Under 
th e s e  c o n d i t io n s ,  th e  su g a r  r in g  w ould form  a com plex 
w ith  th e  b o r ic  a c id  g e n e r a l l y  o f th e  ty p e s  i l l u s t r a t e d  
th u s  : -
—C— (X 
I JP-OH 
- C — ( r
t
( I )
-C — 0 OH
_c_ o' BN)h H+
( I I  )
Types ( I I  ) and  ( I I I  ) a re  fo rm ed  when a d ja c e n t
c is - h y d ro x y ls  a re  p r e s e n t  in  th e  su g a r  r e s id u e ,  and
ty p e  ( I I  ) p re d o m in a te s  when th e  r e l a t i v e  p r o p o r t io n s  o f
33b o r a te  to  s u g a r  a re  h ig h  i n  d i l u t e  s o l u t i o n s .  On th e  
o th e r  h an d , no such  com plexes can  be fo rm ed  w ith  th e  
d e o x y -r ib o s e  r in g  and i t s  d e r iv a t iv e s *  Thus by  means o f 
th e  b o r a te  com plex fo rm a t io n , a  new d i s s o c i a t i n g  a c id  
g roup  i s  in t r o d u c e d  i n to  a su g a r  m o le cu le  p o s s e s s in g  two 
c i s -h y d ro x y l groups*. The pK o f th e  f i r s t  d i s s o c i a t i o n  o f 
th e  b o r i c  a c id  i s  9 .0 ,  and by u s in g  b o r a te  b u f f e r  a t  pH 9*1 
t h e  a c id ic  g roup  o f t h e  com plex i s  p a r t i a l l y  d i s s o c i a t e d
(56)
giving the complex a net negative charge thereby causing 
it to migrate towards the anode during electrophoresis.
The rate of movement is determined by the negative charges 
due to the borate complex and those on the enol hydroxyl 
groups of the bases* Thus, the deoxy-ribose and its 
derivatives, carrying charges only on the partially 
dissociated enol hydroxyl groups, would be expected to 
move much slower than the ribose compounds, and this 
constitutes a good method of identifying the sugar 
component in the cytidine derivatives. Electrophoretically 
pure samples of the two cytidine-containing substances 
from ox brain were hydrolyzed with 6 N hydrochloric acid 
at 100° for 60 hr. in a sealed tube and the hydrolysis 
products were subjected to paper electrophoresis in 
borate buffer,^ ( 0.05 M ), pH 9.1 at 20 V / cm for 1 hr. 
with appropriate markers. The results clearly indicated 
that the sugar residue in both the cytidine nucleotides 
was ribose. Although the completely liberated sugar itself 
was destroyed in this process, the cytidine and CMP(5*) 
obtained by incomplete hydrolysis had the same R^s as 
authentic cytidine markers and were well separated from 
deoxy-cytidine markers. That some deamination had occurred 
was idicated by the presence of uracil, which was formed 
from cytosine through loss of ammonia.
The content of phosphorus was determined by subjecting 
an electrophoretically pure sample of Fraction 15 A,
( taken to represent the "ninhydrin -veM group ) to acid 
digestion in order to liberate inorganic phosphate which
o5was then estimated by the King’s colorimetric method.
The amount of phosphorus was then compared with the 
theoretical value calculated from the U.V-absorption
(57)
curve of a duplicate sample of Fraction 15 based on 
the assumption that the substance was CDP-C. The results 
were completely consistent with the identification of the 
extracted substance as CDP—C.
In summary, the accummulated evidence showed that 
the cytidine nucleotide in fractions thirteen to sixteen 
was CDP-C, and that in fractions eight to eleven was CDP-E 
since :
1. The substances behaved like authentic CDP-C 
and CDP-E electrophoretically and chromatographieally.
^2. The pyrimidine nucleoside was cytidine in 
both cases*
3» One of the substances contained choline, the 
other ethanolamine.
4. Identical products were obtained by the 
hydrolysis of Fraction 15 A^ and an authentic sample of 
CDP-C.
5. The estimated phosphorus content of Fraction 
15 A^ was identical with that calculated on the basis 
of spectral data, assuming the compound to be CDP-C.
(58)
EXPERIMENTAL
Perchloric Acid Extraction of Ox Brain»
2*4 kg. of brain
was obtained from, six freshly slaughtered cattle, freed 
as much as possible from blood vessels, and cut into 
small pieces. They were frozen in liquid nitrogen, roughly 
crushed and then immediately homogenized portionwise 
with an approximately equal amount of cold ( 0° ) 10 ^ 
perchloric acid. The combined homogenate after rehomo­
genization was centrifuged ( 2r000 r*p.m. / 20 min. ) at 
0°* The supernatant ( I ) was set aside at 0° and the 
residue re— extracted twice with 300 ml* of cold ( 0° )
5 % perchloric acid with centrifuging at 0°, ( 3,000 r*p.m. 
/ 20 min. ), giving supernatant II* The combined 
supernatant ( I + II ) was carefully brought to pH 4.0 
with 50 $ cold ( 0° ) potassium hydroxide and cooled 
overnight at 0°. The clear supernatant was decanted from 
the precipitated potassium perchlorate and evaporated 
to dryness in vacuo at 40° giving 28*7 gt of light 
yellow residue* This was taken up in 145 ml. of water 
and passed through a column of 294 g. of Dowex 50 f ( H+ ), 
200—400 mesh. The column was washed with water till the 
washings reached pH 4*0 and was then eluted with M pyridine 
solution until ninhydrin-reaeting material no longer 
appeared in the pyridine eluate* The pH 4.0 eluate ( but 
not the more acidic earlier fractions ) and the pyridine 
eluate were combined and evaporated to dryness at 40° 
yielding 8.7 g* of yellow gum. This was dissolved in 
113 ml. of water and subjected to ion-exchange chromato­
graphy using 124 ml. of Dowex 50 W ( H+ ), 200-400 mesh*
50 ml* fractions were collected and freeze-dried overnight.
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They were th e n  ta k e n  up i n  5 m l, o f  w a te r  and s to r e d  
in  th e  f r o z e n  s t a t e .  The scheme o f  th e  a c id  e x t r a c t i o n  
i s  i l l u s t r a t e d  th u s
Scheme o f  P e r c h lo r i c  A cid  E x t r a c t io n  o f Ox B ra in ,
B ra in  P ie c e s  ( 2*4 k g , )
L iq u id  N itro g e n
F ro z en  B ra in  P ie c e s
1 , C ru sh ed ,
2, Hom ogenized ( 2 m in . ) w ith  eq u a l 
amount o f 10 $  c o ld  ( 0 °  ) p e r c h lo r i c  
a c id .
Homogenate ( 0° )
Washed ( tw ic e  ) w ith  300 m l, 
o f  5 $  c o ld  ( 0° ) p e r c h l o r i c  
a c id  fo l lo w e d  by c e n t r i f u g e d  
( 3 ,000  r*p .m * /  20 m in . /  0 ° .  )
-* ■
P r e c i p i t a t e ( 950 m l. ) S u p e rn a ta n t  I I
Combined 
w ith  s u p e r ­
n a ta n t  I I
N /
Combined S u p e rn a ta n t
( i  + i i  )
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Scheme of Perchloric Acid Extraction of Ox Brain« ( contd. )
Combined Supernatant ( I + II )
!• Brought to pH 4.0 with 50 $ Potassium 
Hydroxide.
2. Allowed to stand overnight at 0°.
Supernatant Precipitate
( Potassium Perchlorate ) 
Evaporated ( 20°-25° / 0.7 mm. )
v
Residue ( 28.7 g. )
! 1. Dried. ( 2 hr. / 0.1 mm. )
2. Dissolved in water. ( 145 ml. )
3. Subjected to Ion-exchange Chromatography.
( 294 g. of Dowex 5ü f ( M+ ), 200-400 mesh. )
Chromatographic Column
1. Eluted with water until eluate was pH 4.0 
( 540 ml. )
2. Eluted with M pyridine solution.
3. Combined pH 4.0 water eluate and pyridine eluate 
evaporated.
Yellow Gum ( 8.7 g. )
( continued next page )
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Seheme of Perchloric Acid Extraction of Ox Brain. ( contd. )
Yellow Gum ( contd» )
1» Dissolved in water. ( 113 ml. )
2. Adsorbed on Dowex 50 W ( H+ ), 
200-400 mesh. ( 124 ml. )
3. Eluted with water.
Filtrate ( 113 ml. )
Freeze-dried.
( 0° // 0*4 mm. )
Dried Fractions ( 32 )
1
Fractions ( 50 ml. )
Analysis of Ion-Exchange Fractions. ( 1-32. )
This was done by
paper chromatography, electrophoresis and U.Y-absorption 
measurements to determine which fractions contained the 
cytidine derivatives. Individual fractions, dissolved in 
5 ml. of water,, were tested for the presence of U.V- 
absorbing and phosphate-containing substance(s) by 
examination of spots of the solutions applied to paper 
under U.V. light and after treatment with Hanes-ISher­
wood reagent* If these tests were positive, the solutions 
were subjected to paper chromatography and electro­
phoresis using cytidine-5*-diphosphate choline, ( CDP-C ) 
and eytidine-5*-diphosphate ethanolamine, ( CDP-E ), 
as markers in the following solvent systems :-
( 6 2 )
P a p e r
Ch rom a t  o g r  ap h y .
70 $  aqueous is o p ro p a n o l  ( v /v  ) .  
i s o b u t y r i c  acid-ammonium h y d ro x id e  
( 0*5 N ) ,  10 : 6 ( v /v  )*  
i s o p r o p a n o l- c o n c e n tr a te d  h y d ro ­
c h lo r i c  a c id -w a te r  ( 170 : 41 : 39, 
v/ y ) .
4 .
P ap e r
E le c t r o p h o r e s i s .
6 .
sodium a c e t a t e - a c e t i c  a c id  b u f f e r  
m ix tu re  ( 0 ,2  M ) ,  pH 4 ,0  
p o ta s s iu m  d ih y d ro g en  p h o s p h a te -  
sodium h y d ro x id e  b u f f e r  ( 0 .0 5  M ) ,  
pH 7 .0 .
g ly c in e -s o d iu m  h y d ro x id e  b u f f e r  
( 0 .0 5  M ) ,  pH 1 0 .7 .
P a p e r  ch ro m ato g rap h y  was c a r r i e d  o u t a t  room te m p e ra tu re  
u s in g  th e  d e sc e n d in g  te c h n iq u e  i n  g la s s  ta n k s  w ith  
Whatman No. 1 p a p e r .  F o r  p a p e r  e l e c t r o p h o r e s i s ,  C a r l  
S c h le ic h e r  and S c h u l l  No. 2043b Mg! p a p e r  was u s e d . 
A u th e n tic  m ark e rs  w ere alw ays em ployed w here p o s s i b l e .  
P h o sp h a te s  were d e te c t e d  by t h e  H an es-Ish e rw o o d  r e a g e n t ,  
and amino compounds w ith  0 .2 5  $  n in h y d r in  i n  w a te r -  
s a t u r a t e d  n -b u ta n o l  and th e n  h e a t in g  th e  p a p e r  f o r  5 - 
10 m in . a t  105 .  The U .V -ab s o r p t io n  was m easu red  w ith  
a Shim adzu S p e c tro p h o to m e te r  ( Model QR-50 ) a t  t h r e e  
d i f f e r e n t  pH v a lu e s .  F o r  s p e c t ro p h o to m e tr ie  a n a l y s i s ,  
0 .1 5  m l. o f each f r a c t i o n  was a p p l ie d  a lo n g  a  3 in c h  
l i n e  on a 7X17 in c h  p a p e r  as shown : -
3* s t r e a k
A p p l ic a t io n
(63)
Electrophoreses were run for 1-J- hr* at 400 volts in 
sodium acetate-acetic acid buffer mixture ( 0*2 M ), 
pH 4.0, and the U.Y-absorbing region was carefully 
marked, cut into small pieces and transferred into a 
30 ml. serum bottle. The paper cuttings were eluted 
with 5 ml. of water, filtered and the absorption was 
measured at 220-350 mp against a blank solution. The 
latter was prepared by cutting a band region equal in 
area and electrophoretic mobility to the test band and 
treated identically. The absorption was also read in 
acid and alkaline media by adding 0.5 ml. of N hydro­
chloric acid and subsequently 1 ml. of N sodium hydro­
xide to both the fractions and blanks. The chromato­
graphic, electrophoretic and spectrophotometrie results 
indicated that there were two types of cytidine compounds 
present, the ’"ninhydrin +ve* substances, contained in 
fractions 8—11 and the "ninhydrin —ve* substances, 
contained in fractions 13—16» These substances corres­
ponded to those detected by Watkins but not identified. 
GMP(5*)» identified by Watkins, appeared first in fraction 
17 of the present work. All these fractions showed 
characteristic U.Y-absorption curves of a cytidine 
derivative with the maximium absorption within the 
wave-length range 279— 281 mp in acid ( pH 1.0 ), 270- 
275 mp in neutral ( pH 7.0 ) and 270— 273 mp in alkaline 
( pH 13 ) as illustrated in Table I. The cytidine- 
containing substances of fractions 13—16 ( represented 
by Fraction 15 ) and that of fractions 8-11 ( repre­
sented by Fraction 8 A.^ ) behaved like CDP-C and CDP-E 
in all chromatographic and electrophoretic systems 
employed ( Table II ). The amount of the cytidine- 
containing substance in each fraction was estimated
( 64)
e i t h e r  on t h e  b a s i s  o f  CDP-C o r  CDP-E a s  a p p r o p r i a t e .  
T h e s e  e s t i m a t e s  a r e  shown i n  T a b l e  I I I *  M e t h o d s  b y  
w h ich  t h e  s u b s t a n c e s  w e re  f u l l y  i d e n t i f i e d  a s  CDP-C 
a n d  CDP—E a r e  d e s c r i b e d  i n  t h e  p a g e s  f o l l o w i n g  
T a b l e  I I I .
( 6 5 )
T a b le  I
U .V -Abs o r p t io n  o f  E le c t r o p h o r e t i c  F r a c t i o n s .
J
A cid  ( pH 1 ) N e u tra l ipH 7 ) IA lk a l in e  < pH 13 )
■ ■ ■J ■■■■ i
F r a c t i o n s . A  Max. 7\M ax. A ^aac! \ M i n .
@ 8 ( A1 ) .
1 j
281. 241. 271. 250. 27 2. 250.
9  9 ( Aj ) . 279-r
280.
240. 271. 250. 271
-2 7 2 .
250-
251.
© 10 ( Aj ) . 279. 242. 270. 252. 270. 250-
251.
© 11 ( Ax ) . 279-
280.
241-
242.
270-
271.
249-
250.
271. 249.
ä 13 1 ) . 279-
280.
240-
241.
272. 249-
250.
272
-2 7 3 .
251.
*  14 ( Aj ) . 280. 241. 271. 250. 27 2. 250.
& 15 ( Ax ) . 280-
281.
240 272-
273.
247-
248.
2 7 1 .’ 251- 
25 2.
& 16 ( Ax ) . 280- 
; 281.
240. ' 272. 249. 271
-2 7 2 .
249.
CDP-C (Sigm a) 279-
280.
240. 275. 245. 270
-2 7 1 .
249-
250.
/  C y t id in e . 280. 241. 271. 2 5 0 .5 . 273. 2 5 1 .5 .
No^ e # @ : -  N in h y d r in  +ve f r a c t i o n s .
& s -  N in h y d rin  - y e  f r a c t i o n s .
/  s -  R eco rd ed  by  J .  d .  Pox and D. S hugar in
B iochem . e t  B io p h y s. A c ta» , 9 , 369 ( 1952 )
A  : -  W avelength  ( mu )
( 6 6 )
T ab le  I I .
( A ) .  P a p e r  C hrom atography .
S o lv e n t  System . Compound. Rf  *
70 $  Aqueous 
i s o p r o p a n o l  
( v /v  ) .
CDP-E. 0*34 ( a ,b ) i
F r a c t i o n  8 A^. 0*35 ( a f b)
CDP-C.
t-i
0*49 ( a ) .
F r a c t i o n  15 A1 . 0 .4 9  ( a ) .
I s o b u t y r i c  a c i d -  
ammonium h y d r o -  
x id e  ( 0*5 N ) ,  
10 : 6 ( v /  v  ) .
CDP-E. 0 .3 4  ( a , b ) j
F r a c t i o n  8 A^. 0 .3 4  ( a , b )
CDP-C. 0*45 (a*).
F r a c t i o n  15 A , .1 0 .4 5  ( a ) .
I s o p r o p a n o l - c o n e . 
h y d r o c h l o r i c -  
w a te r .  ( 170 :
41 s 39, v / v .  )
CDP-E. 0 .2 9  ( a , b )
F r a c t i o n  8 A^. 0 .2 9  ( a ,b )
CDP-C. 0 .6 5  ( a ) .
F r a c t i o n  15 A^. 0*65 ( a ) .
Note :
y S po t d e t e c t i o n  as f o l lo w s  : -
( a )  U.V. A b s o rp t io n .
(b ) N in h y d r in  Spray*
CDP-E : C y t id in e  d ip h o s p h a te  e th a n o l  am ine.
CDP-C s C y t id in e  d ip h o s p h a te  c h o l i n e .
(67)
Table II ( contd. )
( B ). Paper Electrophoresis,
Solvent System. Compound. ^ Distance ( cm ) moved towards anode s-
S o dium ac et at e- ' 
acetic acid 
buffer mixture 
( 0.2 M ), 
pH 4.0.
CDP-E. 0*75 (a,b).
Fraction 3 . 0*75 (a,b).
CDP-C. 0.75 (a).
——f
Fraction 15 A^ 0.75 (a).
Potassium dihydro 
gen phosphate- 
sodium hydroxide 
buffer ( 0.05 M ) 
pH 7.0.
CDP-E. 1.5 ( a, b )«
Fraction 8 A^. 1*45 (a,b). *
CDP-C. 1*50 (a).
Fraction 15 A-^ 1.50 (a).
Glycine-sodium 
hydroxide buffer 
(0.05 M ), 
pH 10.7.
CDP-E. 2.7 (a).
I  .
Fraction 8 A^ 2.7 (a).
CDP-C. 1.50 (a).
Fraction 15 A^ 1.50 (a).
Note s
U
y Spot detection as follows
(a) U.V, Absorption,
(b) Ninhydrin Spray.
( 6 8 )
T a b le  I I I .
Amount o f  C y tid in e  D e r iv a t iv e s .
F r a c t i o n .
E s t im a te d  W eight o f 
C y t id in e  D e r iv a t iv e ,  
(m g.)
T o ta l  Amount o f  
C y t id in e  D e r iv a t iv e .
@ 8 A1# 6*41.
1 5 .4 7  mg. o f  CDP-E.@ 9 A1# 7*14 .
@10 A . 1 .0 5
@11 A . o ? 00 -3
:& j3  ax . 1 .9 6 .
14*15 mg. o f  CDP-C.
&14 A . 4*37.
&15 A1# 4 .7 0 .
&16 A1# 3 .1 2 .
JNote
CDP-C
CDP-E
@
&
C y tid in e  d ip h o sp h a te  c h o l in e ,  
C y tid in e  d ip h o sp h a te  e th a n o l  am ine . 
N in h y d rin  +ve f r a c t i o n s .
N in h y d rin  -v e  f r a c t i o n s .
E s tim a te s  b a se d  on U .V .- a b s o rp t io n  m easu rem en ts 
assum ing  f r a c t i o n s  8A^-I1A^ a re  CDP-E and F r a c t i o n s  
13-16  (Ax ) a re  CDP-C.
(69)
(A). N^inhydrin -ve* 1 Cytidine Derivatives»
( Fractions ISA^-lßA^* )
Specific Investigation of Fraction 15A^.
This fraction
was chosen since it contained the highest concentration 
of the cytidine derivative in this particular group.
The substance was subjected to
1. Acid Hydrolysis.
The sample was prepared by streaking 
0.32 ml. of a solution of Fraction 15 containing 0.3 mg. 
of cytidine derivative along a 5 inch, line on a 7 **^ 17" 
Schleicher and Schull No. 2043b Mgl paper. Electrophoresis 
was run for 2 hr. at 400 volts in sodium acetate-acetic 
acid buffer mixture ( 0*2 M ), pH 4.0. The paper was 
then dried in air at room temperature, the U.V.-absorbing 
region marked, cut into small pieces, transferred into 
a 30 ml. serum bottle, eluted with 7 ml. of water and 
tne eluate was filtered into a 25 ml. round bottomed 
flask* The paper cuttings were washed three times with
1 ml* of water. The combined eluate and washings were 
evaporated to dryness in vacuo at 40° giving a colour­
less residue. This was taken up in 0.5 ml. of N hydro­
chloric acid and hydrolyzed in a sealed tube at 100° 
for 30 min. The hydrolyzate was then pipetted into a 
25 ml. round bottomed flask, the reaction tube washed 
three times with 2 ml-volumes of water and the combined 
hydrolyzate and washings evaporated to dryness at 40° 
in vacuo yielding a colourless residue. The residual
(70)
hydrochloric acid was removed by standing the sample 
over potassium hydroxide under vacuum for 10 hr., 
after which the residue was taken up in 0*25 ml* of 
water and kept at 0°* An authentic sample of 2 mg. of 
CDP-C was similarly treated* For 6 N hydrochloric acid 
hydrolysis, the sample was prepared in the same way as 
for the N hydrochloric acid hydrolysis from 0*4 ml. of 
starting material, and eluted with 10 ml. of water. The 
hydrolysis was carried out at 100° with 0*8 ml. of 6 
N hydrochloric acid for 60 hr., giving a colourless 
residue on evaporation in vacuo at 40°. After removal 
of residua}, hydrogen chloride over potassium hydroxide 
in vacuo for 10 hr* at room temperature, the reaction 
product was taken up in 0*3 ml. of water and kept at 
0°. 2 mg* of an authentic sample of CDP-C was similarly 
treated.
2. Paper Chromatography.
The hydrolyzates of Fraction 
15 and of the samples of authentic CDP—C were 
chromatographed using CDP-C, CMP(5‘), phosphorylcholine, 
cytidine, cytosine, and inorganic phosphate as markers 
in the following solvent systems i-
1. isopropanol-concentrated hydrochloric acid- 
water ( 170 : 41 s 39. ), v/v/
2. isobutyric acid-sodium hydroxide-water.
( 69 ml. : 0*85 g. : 31 rnl. )
3. isobutyric acid-ammonium hydroxide ( 0*5 N ),
( 10 : 6 ), v/v.
4* methanol-concentrated ammonium hydroxide
( S.G. 0*91 )-water. ( 60 j 10 s 30. ), v/v.
5. ethanol-water ( 8 : 1. ), v/v.
(71)
The last two solvent systems were used only for detect­
ing free choline among the products of 6 N hydrolysis. 
The U.V.-absorbing spots were marked before the papers 
were sprayed with appropriate reagents. Ninhydrin and 
tianes-IsherTfood spray were used for amino group and 
phosphorus-containing compounds respectively, and 0.20 $ 
dipicrylamine in 50 $ acetone was used for the detection 
of choline.
Table IV, N Hydrochloric Acid Hydrolysis.
Solvent System.j Compound. FS —
Isobutyric 
acid-Sodium 
hydroxide- 
Walter. ( 69 ml. 1 
s 0.85 g. s 31 
ml. )
CDP-C. 0.31.
(a)
CMP(5'). 0.26.
(a,b)
P-Choline. 0.46 (b).
CDP-C.
Hydrolyzate
0.26. 
( a, b)
0.46 (b).
Fraction 15A. 
Hydro lyz ate L
1
0.27.
(a,b)
0.46 lb).
Note •
^ Spot detection as follows :-
(a) U.V.-Absorption.
(b) Hanes-Isherwood 
Spray.
P-Choline i- Phosphorylcholine.
CDP-C s- Authentic sample of cytidine 
diphosphate choline.
(72)
Table IV. ( contd. )
Solvent System.J Compound. T Rf
Isopropanol- 
concentrated 
hydrochloric 
acid-Water.
( 170 s 41 s 39, 
▼/▼• )
CDP-C. 0.42 (a).
CMP(5' ). 0.56. 
(a ,b)
P-Choline. 0.85.
(b)
\
. i___  ______
CDP-C.
Hydrolyzate.
0.84.
(b)
0.56.
(a,b)
Fract. 15
Hydrolyzatei
0.84.
(b)
0.57.
(a,b)
Isobutyric acid 
-Ammonium hydro- 
xide ( 0.5 N ), 
10 x 6, v/v.
CDP-C. 0.25. 
(a).
! CMP(5'). 0.21 (a,b).
P-Choline.
. .
0.35.
(b).
CDP-C.Hydrolyzate
0.34.
(b).
0.21 (a,b).
Fract. 15 A, 
Hydrolyzate1
0.34.
(b)
0.21 (a,b).
Note t
^ Spot detected as follows :-
(a) U.V-Absorption.
(b) Hanes-Isherwood Spray.
(73)
Table V. 6 N Hydrochloric Acid Hydrolysis.
Solvent System. Compound. , "7 Rf
Isobutyric acid- 
Ammonium hydro- 
xide ( 0.5 N ), 
10 : 6, v/v.
Choline 
( chloride )
0.71.
(c).
Cytosine. 0.68. 
(a).
Cytidine. 0.53. (a) .
CMP(5*). 0.30. (a,b).
Pract. 15 A, 
Hydrolyznte1
0.71. 
(c).
0.68.
(a).
0.53. 
(a).
0.30. 
(a,b).
Is obutyric ac i d- 
Sodium hydroxide- 
Water. ( 69 ml s 
0.85 g. : 31 ml.)
Choline.
( chloride)
0.75. 
(c).
Cytosine• 0.75.(a)
Cytidine. 0.56.(a)
CMP(5').
•
0.29.
(a,b)
Pract. 15 A^ 
Hydro lyz ate1
0.74. 
(c).
0.75.
(a) .
0.54. 
(a).
0.28.
(a,b).
Note :
JL'
y Spot detection as follows :-
(a) U.Y.-Absorption.
(b) Hanes-Isherwood
Spray.
(c) 0.2 $ Dipicrylamine
in 50 $ acetone.
( 7 4 )
T a b le  V. ( c o n td .  )
S o lv e n t  System. Compound. /  Rf .
C h o l i n e .
( c h l o r i d e  )
0 . 6 8 .
( c )
I s o b u t y r i c  a c i d - C y t o s i n e . 0 . 6 6 .( a )
•
oociiuni i i y a r o x ia e -  
Water  ( 69 ml. : 
0 , 8 5  g.  : 31 m l . )
C y t i d i n e . 0 . 5 0 .
(a )
CMP(5 1) . 0 . 2 2  
( a ,  b )
CDP-C. 
H y d r o ly z a t e
0 . 6 8 .
( c )
0 . 6 4 .
( a ;
0 . 4 8 .
( a )
0 . 2 3 .
( a , b )
I s o b u t y r i c  a c i d -  
Ammonium h y d ro ­
x i d e .  ( 0 . 5  N ) ,  
10 : 6, v / v .
C h o l in e .
( c h l o r i d e  )
0 . 6 0 .
(c )
C y t o s i n e . 0 . 6 2 .
( a )
C y t i d i n e .
i i
0 . 4 9 .  
( a)-.
CMP(5 ' ) . 0 . 1 4 .
( a , b )
CDP-C.
H y d r o ly z a t e
0 . 6 2 .
( a )
0 . 6 0 .
( c )
0 . 4 8 .
(a )
0 . 1 4 .
( a , b )
M e th a n o l - c o n c . 
Ammonium h y d r o -  
x id e - W a te r .  ( 60 
: 10 : 30 ) ,  v / v .
C h o l in e .
( c h l o r i d e )
0 . 8 4 .
( c )
P r a c t .  15 A^  
H y d r o l y z a t e 1
0 . 8 4 .
( c ) 1
E th an o l  -W a te r .  
( 8 i 1 ) ,  v / v .
C h o l in e .
( c h l o r i d e )
] o . 7 1 .
( e )
1. P r a c t .  15 A1
/ H y d r o ly z a te
0 . 7 1 .
1(c) !
(75)
3. Paper Electrophoresis«
The 6 N hydrochloric acid 
hydrolyzate was subjected to paper electrophoresis 
in borate buffer, ( 0*05 M ), pH 9*1 at 15 volts / cm. 
for 1 hr. using ribose, deoxy-ribose, cytosine, 
cytidine, CMPCS1), deoxy-cytidine, uracil, and uridine 
as markers. The paper was dried in air at room 
temperature, the U.V.-absorbing spots were marked 
and the paper was then sprayed with aniline hydrogen 
phthalate reagent. The migrations observed were 
illustrated in Table VT ( page 76 )*
(76)
Table VI.
Distance (cm.) moved towards :
COMPOUND.
CATHODE ANODE
Fract. 15 A^ 
HydrolyzateT
1.25.
(a)
1.40.
(a)
2.70.
(a)
7.80.
(a)
Cytosine. 1.20.
(a).
D-Cytidine. 1.50.
(a)
D-Ribose. 0.80.
(b)
Ribose. 0.70.
(b).
Uracil. 1.40.
(a)
Cytidine. 2.70.
(a)
CMP(5') ,7.70.
(a)
Note :
Spot detection as follows
(a) U.V-Absorption.
(b) Aniline hydrogen 
phthalate Spray.
D i Deoxy e.g. D-Cytidine - deoxy-eytidine.
(77)
The results indicated that there were four U.V.- 
absorbing compounds in the 6 N hydrochloric acid 
hydrolyzate. One of these travelled towards the cathode 
end of the paper and had the same electrophoretic 
mobility as the marker, cytosine. The three anionic 
components possessed the same electrophoretic mobility 
as uracil, cytidine and CMP(5*) in respective order of 
distance from the origin. The uracil U.V.-absorbing 
spot was comparatively much weaker in intensity than 
the rest, and was formed from the deamination of cytosine 
in the acid medium. Ribose was not detected as it 
would have been destroyed under the vigorous hydrolytic 
condition.
4. Phosphorus Estimation.
The sample of Fraction 15A^
was prepared in the same way as for the acid hydrolysis 
from 0.4 ml. of Fraction 15, and electrophoresis vas 
run for 2? hr. at 10 volts / cm. in sodium acetate- 
acetic acid buffer mixture ( 0,2 M ), pH 4.0. The U.V.- 
absorbing band ( ) was eluted with 7 ml. of water,
and aliquots of the eluate was used for the phosphorus 
estimation and for the determination of its U.V.- 
absorption. For phosphorus estimation, 2 ml. of Fraction 
15A^ eluate was added to a mixture of 1 ml. of micro- 
analytical grade nitric acid and 1 ml. of 10 N sulphuric 
acid in a raicro-Kjeldahl digestion flask. A glass bead 
was then added to the mixture which was heated on a 
ICjeldahl rack until all the water had evaporated. When 
the fuming had ceased, tne contents were further heated 
strongly for another 10 mins. After the flask had cooled 
to room temperature, 5 ml. of water was added and the 
contents were hydrolyzed on a boiling water-bath for
(78)
45-60 mins* and then made up to a known volume with 
water for phosphorus determination by King's colori­
metric method. The U.V.-absorption of another aliquot 
of the 15A^ eluate was measured at pH 1.0. From the 
spectrographic data of pure CDP-C, an estimate of the 
amount in a 2 ml-aliquot of 15A^ was made* From this 
value the theoretical amount of phosphorus was cal­
culated and compared with that obtained by the direct 
determination.
Calcd. ( spectrographic data ) : 13.41 pg.
Found ( direct determination ) s 13*45 pg.
5. Perchloric Acid Hydrolysis.
A sample of Fraction 15A^
was prepared in the same way as before from 0.4 ml. of 
Fraction 15. The colourless residue obtained on evaporat­
ion of the 15A^ eluate at 40° in vacuo was dissolved 
in 0.4 ml. of water and then hydrolyzed in a boiling 
water-bath with an equal volume of 70 ^ perchloric 
acid. The hydrolyzate, after cooling to room temperature, 
was brought to pH 4.0 with 0*1 N potassium hydroxide 
and the resulting solution kept overnight at 0°. The 
supernatant was carefully pipetted, evaporated, and 
a sample subjected to paper chromatography in isopropanol s 
concentrated hydrochloric acid s water ( 130 i 24 : 46, 
v/v )* After drying the paper in air at room temperature, 
the U.Y.-absorbing spot was marked, cut into small 
pieces into a 10 ml. serum bottle and eluted with 5 ml. 
of water. The residue obtained on evaporation of the 
eluate in vacuo at 40° was taken up in 0*3 ml. of water
179)
a n d  t h e n  s u b j e c t e d  t o  p a p e r  e l e c t r o p h o r e s i s  f o r  l i t  h r .  
a t  10 v o l t s  /  cm. i n  so d iu m  a c e t a t e - a c e t i c  a c i d  b u f f e r  
m i x t u r e  ( 0 . 2  M ) ,  pH 4 . 0 ,  w i t h  c y t o s i n e  a s  t h e  m a r k e r .  
The p e r c h l o r i c  a c i d  h y d r o l y s i s  was r e p e a t e d  w i t h  2 mg. 
o f  an a u t h e n t i c  s a m p l e  o f  CDP-C.
The f r e e  b a s e  o f  F r a c t i o n  15A^ a n d  t h a t  o f  t h e  a u t h e n t i c  
s a m p l e  o f  CDP-C h a d  t h e  same R^ a n d  e l e c t r o p h o r e t i c  
m o b i l i t y  a s  t h e  m a r k e r ,  c y t o s i n e .
6 .  A c i d  H y d r o l y s i s  o f  o t h e r  nN i n h y d r i n  - v e M C y t i d i n e  
D e r i v a t i v e s .
The  c y t i d i n e - c o n t a i n i n g  c o m p o n e n t s  o f  f r a c t i o n s  
13 ,  1 4  an d  16 ( F r a c t i o n s  13A^,  14A^ a n d  I6A^ ) w e re  
p r e p a r e d  f ro m  1 m l . ,  0 . 4 5  m l . ,  a n d  0 . 6  m l .  r e s p e c t i v e l y  
o f  f r a c t i o n s  1 3 ,  14  a n d  1 6 ,  a n d  w e re  t h e n  h y d r o l y z e d  a t  
100°  f o r  30 m i n s ,  i n  a  s e a l i e d  t u b e  w i t h  0 . 5  m l .  o f  N 
h y d r o c h l o r i c  a c i d  i n  e a c h  c a s e .  The  h y d r o l y z a t e s  w ere  
c h r o m a t o g r a p h e d  i n  i d e n t i c a l  s o l v e n t  s y s t e m s  t o  t h o s e  
e m p lo y e d  f o r  t h e  N h y d r o c h l o r i c  a c i d  h y d r o l y z a t e  o f  
F r a c t i o n  15A^, u s i n g  CDP-C, C M P ^ 1) an d  p h o s p h o r y l c h o l i n e  
a s  m a r k e r s .
(80)
Table VII. N Hydrochloric Acid Hydrolysis of other 
wNinhydrin -ve1'1 Cyiidine Derivatives.
Solvent System. Compound. * Bf
Isopropanol-conc 
-centrated Hydro 
-chloric-Water.
( 170 : 41 : 39, 
v/v. )
P-Choline. 0.92.
(b)
CWiP( 5 * ) . 0.71.
(a,b)
CDP-C. 0.68 (a)
Pract, 13A-^ . 
Hydro lyzate
0.92.
(b)
0.70.
(a,b)
Pract. 14A^. 
Hydrolyzate
0*92.
(b)
0.70.
(a,b)
[ Pract. 16A... 
Hydrolyzate
0.92.
(b)
0*71.
(a,b)
Note
i Spot detection as follows
(a) U.V.-Absorption.
(b) Hanes-Isherwood 
Spray.
P-Choline s- Phosphorylcholine.
( 8 1 )
T a b le  VII» ( coirtd» )
S o lv e n t  System, Compound. ** Rf
I s o b u t y r i c  a c i d -  
■Ammonium h y d r o x i -  
i d e .  ( 0 . 5  N ) ,
10 : 6, v / v .
P -C k o l in e . 0 . 4 5 .
(b)
CDP-C * 0 . 3 7 .
(a )
CMP(5') . 0 .2 7  ( a , b )
F r a c t .  13A... 
Hydro l y z a t e
0*45 .
(b)
0 ,2 7  ( a , b )
F r a c t »  14A... 
Hydro l y z a t e
0 . 4 5 .
(b)
0 , 2 7  ( a , b )
F r a c t .  16A ,
H ydro lyzate  !
0 . 4 5 .
(b)
0 . 2 8  ( a ,b )
I s o b u t y r i c  a c i d -  
Sodium h y d r o x i d e -  
W ater .  ( 69 m l . : 
0 , 8 5  g .  : 31 m l . )
P -C h o l in e . 0 . 4 9 .
(b)
CDP-C. 0 . 3 0 .
(a)
CMP ( 5 1 ) . 0 . 2 8 . ( a , b )
F r a c t .  13A, 
H ydrolyzate
0 . 4 8 .
(b )
0 . 2 8  ( a , b )
F ract»  14A ,. 
Hydro l y z a t e
0 , 4 9 .
(b)
0 , 2 8  ( a ,b )
F r a c t .  IGA^.
H ydrolyzate
0 . 4 8 .
(b)
0 . 2 7  ( a ,b )
( 3 2 )
( B ) .  ^E J in h y d r i n  -fve1* C y t i d i n e  D e r i v a t i v e s .
( F r a c t i o n s  8A^-11A.( )
S p e c i f i c  I n v e s t i g a t i o n  o f  F r a c t i o n  8A^.
T h i s  f r a c t i o n
•was t a k e n  a s  r e p r e s e n t a t i v e  o f  t h e  ’" n i n h y d r i n  + v e ift 
c y t i d i n e - c o n t a i n i n g  e l e c t r o p h o r e t i c  f r a c t i o n s *
2* A c i d  H y d r o l y s i s *
A s a m p l e  o f  F r a c t i o n  8A-  ^ was p r e ­
p a r e d  f ro m  0 . 3  m l .  o f  F r a c t i o n  8 b y  t h e  same p r o c e e d u r e  
a s  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  F r a c t i o n  15A^,  an d  
was t h e n  h y d r o l y z e d  a t  100°  f o r  30 m i n .  w i t h  0 . 5  m l .  
o f  N h y d r o c h l o r i c  a c i d  i n  a  s e a l e d  t u b e .  The e x p e r i m e n t  
was r e p e a t e d  u s i n g  C . 4 5  ml* o f  F r a c t i o n  8 w i t h  t h e  
m o d i f i c a t i o n  t h a t  6 w h y d r o c h l o r i c  a c i d  ( 0 . 8  m l .  ) 
was u s e d  f o r  t h e  h y d r o l y s i s ,  w h ic h  was c a r r i e d  o u t  f o r  
80 h r .  a t  1 0 0 ° .
2 .  P a p e r  C h r o m a t o g r a p h y .
T he  N h y d r o c h l o r i c  a c i d  h y d r o ­
l y s a t e  was c h r o m a t o g r a p h e d  i n  t h r e e  o f  t h e  same s o l v e n t  
s y s t e m s  a s  t h o s e  u s e d  f o r  t h e  N h y d r o c h l o r i c  a c i d  h y d r o -  
l y z a t e  o f  F r a c t i o n  15A^,  v i s .
1* i s o b u t y r i c  a c i d - s o d i u m  
h y d r o x i d e - w a t e r .  ( 69 m l .  : 0 . 8 5  g .  : 31 m l . )
2 .  i s o b u t y r i c  a c i d -
ammonium h y d r o x i d e  ( 0 . 5 N  ) ,  10 ; 6 { v / v  ) .
( 8 3 )
3* i s o p r o p a n o l - c o n c • h y d r o c h l o r i c  a c i d - w a t e r .
( 170 : 41 : 39, v / v  ) .
u s i n g  CMP(5*), 0 - p h o s p h o r y l e t h a n o la m in e  and 0 - p h o s p h o r y l -  
s e r i n e  as m a r k e r s .  F o r  t h e  6 w h y d r o c h l o r i c  a c i d  h y d r o ­
l y s a t e ,  CMPlö*), c y t i d i n e ,  c y t o s i n e ,  0 - p h o s p h o r y l e t h a n o l -  
amine, e th a n o la m in e  and s e r i n e  were u s e d  as  m a rk e r s  i n
th e  above s o lv e n t  system s ( l )  and ( 2 ) ,  and 0 -p h o sp h o r y l-  
e th a n o la m in e  and e th a n o la m in e  i n  t h e  f o l l o w i n g  s o l v e n t  
sys tem s
4. e th a n o l  ( 95 ^  ) - c o n c .  ammonium h y d r o x id e  
( 95 ; 5, v / v  ) .
5. e t h a n o l - w a t e r .  ( 8 j 1, v / v  )
6. 70 $  aqueous i s o p r o p a n o l .  ( v / v  )
These l a s t  t h r e e  s o l v e n t  sys tem s  were s a t i s f a c t o r y  f o r  
d i s t i n g u i s h i n g  between t h e  n i n h y d r i n  r e a c t i n g  m a r k e r s .
T ab le  V I I I .  N H y d r o c h lo r i c  Acid  H y d r o l y s i s .
S o lv e n t  System. Compound. * Rf .
I s o p r o p a n o l - c o n c . 
h y d r o c h l o r i c  a c i d  
- w a t e r .  ( 170 s 
41 : 39, v / v  )
0 -pho sph o r y l -  
e th a n o l  amine •
0 »65. 
(c )
O - p h o s p h o r y l -
s e r i n e .
0 . 5 6 .
(c )
CMP(5') . 0 .5 6  ( a , b )
F r a c t i o n  8A^. 
[H y d r o ly z a t e 1
0 . 6 5 .
( c )
0*56 ( a f b)
N ote :
Spot d e te c t io n  as fo l lo w s  s -
(a )
(b )
U .V .-A b so rp tio n . 
Hanes—I sh erwo o d
( 34 )
T ab le  V I I I .  ( c o n td .  )
Note ;
f
Spot  d e t e c t i o n  as f o l l o w s  : -
(c )  N in h y d r i n .
S o lv e n t  System. Compound. •
i s o b u t y r i c  a c i d -  
Ammonium h y d r o ­
x i d e .  ( 0*5 N ) ,
10 : 6, v /V.
O - p h o s p h o r y l -  
e th a n o l  amine.
0*31.
(c )
0 - p h o s p h o r y l -  
s e r i n e .
0 . 1 4  ( c )
CMP{5') . 0 . 3 0 .
( a , b )
F r a c t i o n  8A^. 
H y d r o l y z a t e L
0 . 3 0 .
( c )
0 . 3 0 .
( a , b )
I s o b u t y r i c  a c i d -  
Sodium h y d r o x i d e -
O - p h o s p h o ry l - j  
e th a n o l  a m in e .
0 . 3 9 .
(c )
0 - p h o s p h o r y l -  
s e r i n e .
0 .1 8  (c )
Water .  ( 69 ml. s 
0*85 g .  s 31 m l . )
a i p ( 5 ' ) . 0 . 3 5 .
( a , b )
F r a c t i o n  8A.. . 
H y d r o l y z a t e ;
0 . 3 9 .
(o)
0 . 3 4 .
( a , b )
(35)
Table IX. 6 N Hydrochloric Acid Hydrolysis.
Solvent System. Compound.
Isobutyric acid- 
Ammonium hydro- 
xide ( 0.5 N ), 
10 : 6, v/v.
Cytosine. 0.71.
(a)
Cytidine. 0.57.
(a)
CMP(5'). 0,31.
(a)
P ™ ' m """■ ”'J
O-phosphoryl- 
ethanol amine.
0.31
(b)
Ethanol amine. 0.72.
(b)
Serine. 0*39
i(b)
Fraction 3A . 
Hydro lyzate1
0.71.
(a)
0.57.
(a)
0.31.
(a)
0.72.
(b)
0.31
:(b)
Note ;
Spot detection as follows :-
(a) U.V-Absorption.
(b) Ninhydrin Spray
(86)
Table IX. ( contd. )
Solvent System. Compound. ** Bf.
Isobutyric acid- 
Sodium hydroxide 
-Water. ( 69 ml. 
: 0.85 g. : 31 
ml. )
Cytosine. 0.75.
(a)
Cytidine. 0.61.
(a)
CMP(5 1). 0.35.
(a)
0 -ph o sph o r y 1 - 
ethanol amine
0.39
1(b)
Ethanol amine. 0.74.
(b)
Serine. 0.46
(b)
Fraction SA.. . 
Hydrolyzate1
0.76.
(a)
0.61.
(a)
0.36.
(a)
0.74.
.(b)
0.39
(b)
Ethanol ; Water. 
( 8 : 1, v/v )
O-phosphoryl- 
ethanolamine
0.59
(b)
Ethanol amine. 0.12
(b)
Fraction 8a .^
HydrolyzateT
0.59
(b)
0.12
(b)
70 $ aqueous 
isopropanol 
( v/v )
O-phosphoryl- 
ethanolamine.
0.42
(b)
Eth ano 1 amin e. 0.69.
(b)
Fraction 8A^. 
Hydrolyzate.
0.69.
(b)
0.43
(b)
Note :
i
Spot detection as follows :-
(a) U.V*-Absorption.
(b) Ninhydrin Spray.
( 8 7 )
T ab le  IX. ( c o n td .  )
S o lv e n t  Sys tem , i Compound * Rf .
E th a n o l  1 95 
: cone .  Ammonium 
h y d r o x i d e .  ( 95 s 
5, v / v .  )
O - p h o s p h o ry l -  
e th a n o l  amine
0 .0 0  ( b ) .
E th a n o l  amine. 0 . 5 5  ( b ) .
F r a c t i o n  8A-. , 
H y d r o l y z a t e 1
0 . 0 0  (b) 0 . 5 5  ( b ) .
8* P a p e r  E l e c t r o p h o r e s i s .
The 6 N h y d r o c h lo r ic  a c id
h y d r o ly sa te  was su b je c te d  to  paper e le c tr o p h o r e s is  in  
borax-sodium  h yd rox id e b u f fe r , ( 0*05 M ) ,  pH 1 0 .4  fo r  
2 h r .  a t  7*5 v o l t s  /  cm. u sin g  CMP(5*), c y t i d i n e ,  c y t o s i n e ,  
r i b o s e  and d e o x y - r i b o s e  as m a r k e r s .
The r e s u l t s  i n d i c a t e d  t h a t  t h e r e  were t h r e e  U« V- 
a b s o r b in g  compounds i n  t h e  6 N h y d r o c h l o r i c  a c i d  h y d r o -  
l y z a t e .  One of t h e s e  t r a v e l l e d  to w a rd s  t h e  c a th o d e  end 
o f  t h e  p a p e r  and h a d  t h e  same e l e c t r o p h o r e t i c  m o b i l i t y  
as t h e  m ark e r ,  c y t o s i n e .  The two a n i o n i c  components 
p o s s e s s e d  t h e  same e l e c t r o p h o r e t i c  m o b i l i t i e s  as 
c y t i d i n e  and CMP(5#) i n  r e s p e c t i v e  o r d e r  o f  d i s t a n c e  
from t h e  o r i g i n .  T h is  i l l u s t r a t e d  t h a t  t h e  su g a r  
component o f  t h e  c y t i d i n e  d e r i v a t i v e  was r i b o s e .
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